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PREFACE TO SECOND EDITION. 


The First Edition of this book ami a lieprint having 
been exhausted, a Second Edition lias been prepared. 
The work having been found to fulfil tlu? purpose for 
which it was intended, its general scope and scheme 
have been retained, but a. complete revision has been 
n de and a good deal of new matter lias been inserted. 
The entire work of revision lias been undertaken by 
Mr. Arthur U. Levy, B.fcic., to whom the authors’ thanks 
and acknowledgments are due, and are here tendered. 

London, June, 1905. 
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PREFACE TO FIRST* ED1T T /XN. 


The sole object of the chapters comprising this volume is 
to give the reader a general view of the principles which 
underlie the several manufactures described. It is in no 
way intended to present such an account of details as will 
suffice for the student of any particular industry, as indeed 
must be obvious from the size of the book. 

The usefulness with which the authors venture to 
accredit their work is to he found in the fact that it 
seeks to expound those dominant principles which .are 
too often hidden beneath masses of mere detail, and 
are consequently apt to he overlooked by the specialist in 
any one branch, to Ids detriment, in that he frequently 
fails to apply to his own work principles which are matters 
< f common knowledge, elsewhere. 

These remarks are rendered necessary by the, fact that 
the scope and intention of the first volume of this book 
appear to have been occasionally misunderstood. 

The Bibliography, which will he found at the end of the 
work, will serve to indicate the sources of information 
which are at hand for those who desire further details on 
any particular subject. 

In this volume the authors have had the able advice of 
Mr. Geo. H. Hurst concerning the technique of Bleaching 
and Dyeing, and they take this opportunity of thanking 
him for his valuable assistance. 


London, October, !S9K. 
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A 

Arf.j/s test of flashing point of oils, 
131. 

A bits camdemitt, 400. 

Abietic acid, 258 ; anhydride, 258. 

Absinthe, 230. 

Absolute alcohol, 232; strength O.P., 
234. 

Absorbents for nitro-glycerin, 431. 

Absorption of gases by charcoal, 102 ; 
tannin by hides, 409. 

A curia catechu, 400. 

Acer mccharinum, 191. 

Acetanilide, Preparation of, 334. 

Acetate, aluminium, Preparation of, 
382. 

Acetate, Amyl, 233; Basic copper, 
381; of lime, Brown, 104; of lime, 
(Irey, 103, 105. 

Acetic acid, 235; Application of, in 
cotton printing, 361 ; Factitious 
vinegar from, 238 ; Ferment, 235 ; 
from spent lye in esparto boiling, 
367 ; Percentage of, in vinegar, 
237; used in bleaching, 286; in 
dyeing, 353 ; Yield of, by distilla¬ 
tion of wood, 104. 

Acetic fermentation, 235 ; Succinic 
acid produced in, 235. 

Acetification, 235; Conditions of, 
237. f * 

Afceto-arsenite of copper, 381. # 

Acetone, 104, 465. • 

Acetylene, 83 ; Black from, 84, 386. 

Acid alizarin blue, 302. 

Acid colours, Dyeing cottJbn with, 
355 ; Dyeing silk with, 360. 

Acid, “drips* in vitriol chambers, 
16; dyes, 351; dyes classified, 357 ; 
egg, 9; for etching on glass, 174, 

<#§;*green, 357; in taif liquors, 
401; magenta., 307, 357; mcmants, 
352; oxalates of potwtfum, 44Jy 
“tar,” 89. 

Acids, fatty, Formulae of, 239, Melt¬ 
ing point of/239; •volatile, with 
b team,*243. - * 


Acids, Iso-linolonic series of, 243; 
Linoleie series of, 243; Linolenic 
series of, 243 ; < )leie series of, 242, 
244 ; Ricinoleic series of, 243. 

Acid value, 242. 

Acorn galls, 397. 

Acridine dyestuffs, 336; orange, 337 ; 
yellow, 337. 

Acrolein, 240, 251 ; from smoulder¬ 
ing candles, 268. 

Aerospire, 206. 

Adjective dyes, 289; dyestuffs do- 
lined, 289. 

Aerobic ferments, 205. 

“ After-chroming,” 359. 

“ Ageing,” 351 

“Ageing” of logwood, 344. 

Air and gas. Explosive mixture of, 
79. 

Air condensers for gas making, 71. 

Air-gas flame, 79. 

Air-slaked lime, 141 

Albite, 156. 

Albocarbon light, 82. 

Albumin, Application of, in calico- 
printing, 362. 

Alcohol, 231 (see also Spirit) ; Abso¬ 
lute, 233; Absolute, strengthO. l\, 
234 ; Boiling point of, 234 ; from 
calcium carbide, 253 ; Denaturing, 
234 ; denaturing, Wood naphtlft 
for, 234 ; Oil soluble in, 251 ; Oxi¬ 
dation of, 235; Spoeili# gravity of, 
234. 

Alcoholic strength, Excise system of, 
234. 

Alcoholometry, 234. 

Alcohols, Higher, 231. 

Aldehyde, 231. 

Aldelsvdos, Aromatic, 257. 

Ale, Mild, 220; Pot, 226; vinegar, 
237. 

Algardbilla, 401. 

Ali^rate, Sodium, 300. 

A1 iterates, 300. 

Alizarin, 315, 355; Artificial, 299; 
black, 298; blue, Acid. 302 ; blue 
S (soluble), 301; Bonraaip, 301; 
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colours, Application of, 359; cy¬ 
anine, 301; Manufacture of, 299 ; 1 
paste, 300; yellow, 359; yellows, i 
358. I 

Alkali, Action of, on wool, 290; 
Act, Regulation of vitriol making, I 
16 ; blue, 309; blues, Application j 
of, 359; Electrolytic preparation 
of, 57 ; for glass, 164; lime glass, 
Analysis of, 171 ; manufacture, 
Limestone for, 26 ; Nitrogen in 
coal for, 27 ; Raw materials for, 
24 ; Recovery of, in paper making, 
360; Refined, 34; Small coal for, 
27 ; trade standards, 36. 

Alkali carbonates, Saponification 
with, 264; water, Effect of, in 
browing, 214. 

Alkali waste, Analysis of, 37 ; Mac- 
tear process for, 39; Parnell & 
Simpson’s process for, 38 ; Sulphur 
recovery from, 37; Treatment of, 
37 ; Use of, in phosphate manu¬ 
facture, 119. 

Alkalinity, Indicator for, 293. 

Almond cake, 230. 

„ oil, 242, 248. 

Almonds, Artificial oil of bitter, 257 ; 
Oil of bitter, 248, 258 ; Synthesis 
of oil of bitter, 258. 

Alphanaphthylamine, Claret colour 
from, 356. 

Alum, 451 ; Ammonia, 452; Basic, 
451 ; Burnt, 452 ; (sake, 451 ; 
Chrome, 452 ; Manufacture of, 
from clay, 451 ; Preparation of, 
451 ; stone, Analysis of, 451 ; 
Tanning with, 413. 

Aluminium acetate, Preparation of, 
382 ; Use of, in dyeing, 351. 

Aluminium basic salts, Use of, 413. 
mordants, 351. 

,, resinate jus a size for 

, paper, 365. 

„ shavings for filtering 

beer, 219. 

„ sulphate, 451 ; Use of, 

for sugar recovery, 
191 ; Use of, in dye¬ 
ing, 351. 

sulphocyanide as a mor¬ 
dant, 362. 

,, thiocyanite, Use of, in 

dyeing, 351. » 

Alunife, 454. v 

«4j*ker, 259- v 

Airnido-acetophenone, 335. 

Amidoazobenzene, Formula for, 
292 ; Preparation of, 332. 


Amido-azobenzene dyestuffs, Forma* 
tion of, 335; naphthalene, 320. 
Amido-azonaphthalene derivatives, 
296. 

Amidotolunaphthazine, 317. 

Ammonia alum, 452. 

crude, Comjiosition of, 52. 
Fixed, 53; in gas liquor, 
84. 

Free, 51; in gas liquor, ' 
84. 

from bone distillation, 115; 
in coal gas, 77 ; in 
London gas, Statutory 
limit for, 77; in soot, 
122 . 

Production of, 52; Re¬ 
covery of, 52. 
soda ash, Ajwarent density 
of, 52. 

soda process, 48; Carbon 
dioxide in exit gas from, 
51; Reactions in, 48; 
Recovery of chlorine in, 
54 ; Salt wasted in, 51. 

“ still,” 53. 

, Yield of, from gas coals, 
84; from Simon-Carv&j 
oven, 97. 

Ammoniacal liquor from shale dis¬ 
tillation, 112. 

Ammoniacal liquor, Valuation of, 
85 ; Yield of, from coal, 75 
Ammonium chromate, 380. 

,, ferrocyanide, 462. 

,, orthosulphimidobonzo- 
ate, 446. 

,, persulphate, 456. 

,, picrate, 433. 

„ sulphate, as manure, 
122; commercial, Im¬ 
purities in, 1*22; Maim- 
t facture of, 85. 

Amygdalin, 258. t 

Amyl acetate, 233. 

,, alcohol, 227 ; Active, 233; 
Inactive, 233. 

Amylan, <207. 

Anaerobic ferments, 205. 

Analyser, 228. t 
Analysis of alkali wakte, 37; alum 
stone, 451; animal charcoal, 114; 
'ash of .yeast, 216; barley, ' 
basic slag, 120; beers, 220 ; beet 
, molasses. 187 ; black tsh, 32; bone, 

1113; brick clay, 158; brine, 26 ; 
Brunswick green, 380 ; caustic 
liquor, 36 ; femen.t clinker, 150; 

.. cement blurry, 150; chains, 138; 
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eharhon roux, 102; charcoal for Animal fibres, distinguished from 
gunpowder, 425 ; coal gas, 78 ; vegetable fibres, 275. 

cochineal carmine, 387 ; cognac, ,, oil, 114 . 

225; coke, 03; commercial sodium ,, oils, Winning and refining 

nitrate, 123 ; cotton tibre, 279 ; of, 245. 

crude uitrateof soda, 122; diastase, Anisidine, 300. 

-08; distillers grains,22b; extracts j Annulinc as a loading material 
for tanning, 402, 403 ; lircclav, \ 305. 

' Annealing glass, 170. 

Antht rmt 277. 

Anthracene, Foiling point of, 91 ; 
brown, 359; Conversion of, into 
anlhraquinnnc, *299 : from Russian 
petroleum, 134; green, 315; Melt¬ 
ing point of, 91 ; oil, 91 ; Orienta¬ 
tion of, 299; Purifieatio i of, 91, 
300 ; “ Thirty per cent.,” 91. 
Anthrachryson diamidoilisul phonic 
acid, 302. 

Anthraquinone, Conversion of, into 
alizarin, 300 ; Formula for, 299; 
Manufacture, of, 299; Purifica- 
pu/.zuolana, 153; raw silk, 277 ; lion of, 299 ; Sulphonationof, 300; 
rock salt, 24 ; Homan cement, 144; sulphonie acids, 300. 
smalt, 379 ; soda ash, 34 ; sole Anti incrustators. 191. 
le ather,41 <>: spentbect, 181; spirit, Antimoniate, Lead, 383. 

231; starch-yielding materials, 198; Antimony fluoride, Use of, in dyo- 
suhlimed white lead, 374 ; sugar ing, 353. 

cane juice, 177; tank liquor, 33; Antimony, Golden sulphide of, 201 ; 
tanning material •, 402, 403 ; lactate, 444 ; potassium oxalate, 

treacle, 178; ultramarine, 377; 444 ; potassium oxalate, Use of, 

water for brewing, 210 ; white in dyeing, 353 ; salts, Use of, in 
chalk, 13S ; wines, 223; wood dyeing, 353; vermilion, 384. 
gas, 105; wool fibre, 278; wort, Antiseptic, Hydrofluoric acid as an, 
214 ; yeast, 210. 439. 

Angelica root, 230. Antiseptics, FfTect of, on diastase. 

Anhydrite, 452. | 208; for beer, 219; for vines, 2*21. 

Anhydro - orthosulphimidobcnzoiu Apatite, 110. 

acid, 440; sulphuric acid, 23. . I pocf/iutcar, 200. 

Aniline black, 330; Dyeing with, Aqua fortis, 12. 

331; “Greening” of, 331 ; Print- Ante, 231. , 

ing with, 331. Anuhidate, Glyceryl, 248. 

Aniline bines, 309. ►Araehidic acid, 239. 

0 , colours, 300. Arachis hy/>o<j<m t 248. 

,, Dimethyl, 308. _ # l Arachis oil, 248. 

,, dyes, 303. Archil, Preparation of, 347. 

,, dyestuffs, blue, 309. Argand burner; 78. 

„ for blue, 305 ; fot blue, Algol, 222, 444. 

Application of, 309 ; for A rmstrong’s theory of colour, 298. 
red, 305. • Aromatic aldehydes, 257. 

v hydrochloride, 305. Arrow mot starch, 198, 202. 

,, Manufacture of, 304. „ Arsenate of sodu, Application of, in 

Methylation of, 308.* calico-printing, 302. 

,, oil, 305. “ Arsentc,” 441. 

salt. 3(“. • Arseific acid, 441 ; as an oxi&int,4*00; 

tartrate, 331. Manufactureof, from white arsenfljP 

,, vi'-'let, 30». • 441; Uses of, 442. 

Animal chareoai (se^s Charcoal , Arsenic glass, 442. ^ 

*Animal). 9 ' •* „ iy sujphuric acid, R. # 


*wax, ; iortineu wines,*223; 
fu>el oil, 233 : gas liquor, 84: 
glass, 171 ; grape juice, 221 ; grey 
chalk, 138; hemp, 280; hides, 
393 ; hydraulic limestone, 137 ; 
jute, 280; leather, 410; limestone, 
137 ; magnesian limestone, 137 ; 
malt, 207 ; materials for Portland 
cement, 150; molasses, 178; native 
phosphates, 118; natural gas, 
• 128; osseiiie,' 114; Oxford ochre, 
385 ; phosphatie gypsum, 435 ; 
Portland cement, 150; products 
of cane sugar fermentation, 217 ; 
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Arsenic kips, 394. j B 

Arsenic, Recovery of, 306 ; Red, 406; 

soot, 441. I Bacillus erodicus, 408. 

Arsenicsulphide,382;aaadepilatory,! „ ri*coms, 220. 

400. Racks, 145. 


Arsenic, Vitreous, 442. 

Arsenic, White, 44 1 ; for curing 
hides, 394; Purification of, 442 ; 
Uses of, 442. 

Arsenic, Yellow, 406. 

Arsonious acid, 442 ; anhydride, 442. 
Arsenite, Cupric, 380. 

Artocarpacea\ 260. 

Asbestos, 281 ; fabrics, Kffect of 
boat, on, 281 ; for electrolytic 
diaphragms, 58. 

Ascension pipe, 71. 

Ascospores, 215. 

Ash of yeast, Analysis of. 216. 
Asparagine in beet juice, 179. 

“ Asphalt,” 92. 

Asphalt cement, 135. 

„ mastic. 136. 

„ rock, 135. 

„ substitute, 271. 

Asphaltum, 135; Trinidad, 135. 
Assimilation of nitrogen from air, 123; 
of phosphate manures, Rate of, 
121 . 

Astatki as fuel, 133. 

Astralene, 133. 

Attemperators, 214. 

“ Attenuation” of wort, 215. 
Auramine, 328, 355. 

Aurantia, 292, 357. 

Aureolin, 383. 

Aurino 311; dyestuffs, 310. 
Autoclave, 270.' 

Auxochrome, 292. 

“Available oxygen” in manganese, 
40. 

Aventurin, 172 ; Chrome, 173. 

Axle grease, 252. 

Azine compounds, 316. 

,, Diphenylene, 316. 

Azo-benzene, Formjvla for, 292; 

diazo-chloride, Formation or, 
Azo-blue, 354. 

Azo-carmine, 334. 


| Bacteria, 204 ; in yeast, 218. 

; Bacterium aceti, 235. 

Baeyer’s process, 341. 

Bagasse, 177. 

, Ball clay, 162. 

Ballistic, 433. 

Ball mill, 121. 

Balsam, Peru, 259. 

Balsams, 256, 259. 

Baltic linseed oil, 250. 

Barium chloride, 458. 

„ chromate, 382. 

,, nitrate in explosives, 430. 

„ peroxide, 457. * 

,, salts, 457. 

,, sulphate, 375. 

,, ,, as a loading material, 365. 

Bark, Oak, 399 ; Hemlock, 400. 

Barkometer degrees, 411. 

Barley, Analysis of, 207 ; Carbohy¬ 
drates of, 207 ; couch, 205; Drying 
malted,206; Flooring, 206; “Meali¬ 
ness” of malted, 206; Necessity for 
drying malted, 206; Proximate 
composition of, 207 ; Steeping,205; 
Unsound, as fodder, 205. 

Barley for brewing, Character of, 
207; for malting, 207; for malt¬ 
ing, Character of, 205. 

Bar wood, 345. 

Baryta used for sugar recovery, 190. 

Barytes, 375 ; in white lead, 373. 

Base, Primuiino, 296. 

1 Basic alum, 451. 

| Basic colours, Dyeing cotton with, 
355; Dyeing silk with, 359; 

j Examples of, 355; “Topping” with, 
355. 

i Basic copper acetato, 381. 

i - ,, carbonates, 381. 

1 „ dyes, 351. 

I ,, siyestuffs, Bottoms for, 353. 
j „ lead acetato, 371. 

,, „ carbonate, 370. 


Azo-colours converted into mordant j ,, ,, chloridep372. 

dyestuffs, 358. J „ „ chromate, 382. # 

Azo - compounds (dyestuffs), 292;y ,, ,,, chromate, Dyeinc with, 

explained, 294. J 349. 

Azo-dipbenyl blue, 333. I „ mordants, 35k* 

ifczb”-dyes, Bleaching of, 297 ; dye-, 1 ,, sing, 120 (see also S/ay, Basic). 

-' stuns, Application of, 358. j Basle blue, 320. 

Azonium bases, 318. Bassorah galls, 397. 

Azophej&ne, 333. . | Bast fibres, 279, 280 . a 

Azop’ior red P N, 356 1 Bate, 407 ; sub titutes, 408. 
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Bating skins, 407. 

Batswing burner, 78. 

Battery of ceils for sugar diffusion 
process, ISO. 

“ Bay salt,” 25. 

Bazils, 412. 

Beale’s rotatory exhauster, 71. 

Beard of valonia, 4(H). 

Bcckton coal tar, Composition of, 86. 
Beech shavings for clarifying wine, 
236 ; for vinegar process, 236. 

Beef tallow, 244, 253. 

Beehive coke oven, 93. 

Beer, Aluminium shavings for filter¬ 
ing, 219; Antiseptics for, 219 ; 
Bitter, 220; Caramel for colour¬ 
ing, 197 ; Cleansing system, 218 ; 

9 Colouring, 219; defined, 205; 
Diseases of, 220; Finings for, 219; 
Finishing, 219 ; Lager, 215 ; 
Liquid carbon dioxide for preserv¬ 
ing, 220 ; Pilsener lager, 220 ; 
Priming, 219; Hacking, 219; Haw 
materials for, 205; Bopy fermen¬ 
tation of, 220 ; Sour, 220; 

“ Stench of,” 210. 

Beers, Analysis of, 220. 

Beeswax, 256; Adulterations of, 256; 
Bleaching of, 256. 

Beet, Analysis of spent, IS 1; Com¬ 
position of juice of, 179 ; Concen¬ 
tration of juice of, 184; Defecation 
of juice of, 181 ; Fusel oil from, 
233 ; Yield of juice from, 179 ; 
Yield of sugar from, 187. 

Beet juice, 179; Purification of, by 
lime, 181 ; Trimethylaminc from, 
i79. 

Beet molasses, 187 ; Analysis of, 187; 

Utilisation of, 187, 191. 

Beet sugar (see Sugar, Heel). 
lJeilby and Young retort, 109. » 

Bengal ordinary saltpetre, 424. 

Ifcnzal chloride, 258. • 

Benzaldehydc, 248, 258 ; green, 310 ; 
Benzene, Boiling point of, 88; Knrich- 
ing gas by, 82 ; Induline, 331 ; 
Melting point of, 88 ; Nitration of, 
303. . 

Benzeneazobenzeneazophenol, 295. 
Benzeneazober. zeneazo - ft • naphlhol 
tf-wii* 11 disulphonate, 294. 
Benzeneazo - (i - naphlhol sulpi.onic 
acid, Formula for, 294. } , 

Benzeneazophenol, 293. • 

Benzidine, 296 ; ‘^stuffs. 29'’. . 
Benzine from getrohjum*130; from 
shale^lO. J • 

Benzoazurin, 354 . 9 


Bcnzochrome black, 354. 

Benzotiavine, 338, 355. 

Benzoic acid, 259, 445 ; Application 
of, 309. 

Benzoin, Gum, 259 ; Styrax, 259. 

Benzol, “Fifty per cent.,” 88; 
Fractionation of crude, 87 ; from 
Russian petroleum, 134; “Ninety 
per cent.,’’ 88 ; still, Dephlegmator 
for, 88. 

Benzoleno, 110. 

Benzopurpurin, 354. 

Berberine, 348. 

Herberts vulgaris, 348. 

Berlin porcelain, 161. 

Betaine in beet juice, 179. 

lift a vulgaris , 177. 

Bicarbonate of soda, 35; Conversion 
of, into soda ash, 52. 

Bichromate, Chrome alum converted 
into, 300; Sodium, 447; Potas¬ 
sium, 448 ; Preparation of, by 
electrolysis, 448. 

Bichromates, 447 ; as mordants, 352; 
Kecovery of, 300. 

Biobrioh scarlet, 295. 

Bird lime, 256. 

Bi-rotation, 196. 

Bisehof process, 373. 

“ Biscuit firing,” 1.59. 

,, porcelain, 162. 

Bistre, 349. 

Bismarck brown, 291, 355. 

Bisulphide of carbon, 463 (see 
(farhon bisul/thufi). 

Bisulphite, Calcium, 6; for making 
wood pulp, 36S. 

,, com pounds! dyestuffs), 298. 

„ Magnesium, 6 ; for making 

wood pulp, 368. 

,, Sodium, 6. • • 

Bisulphites, as antiseptics for beer, 
219; Manufacture of, (j, 368. 

Bi tart rate of potash, 444 ; Use of, 
in dyeing, 351. 

Bitter almonds, Oil of, 248,258; Arti¬ 
ficial, 258 ; Synthesis of oil of, 258. 

Bitter beer, 220. 

,, principles for brewing, 209 

Bittern, 26. 

BlaeKash, Analysis of, 32; furna- e, 
31 ; Lixiviation of, 32; Mamdac- 
tur»*of, 30; process, Reactions in, 
VM ; revolver, 31. • 

Bl^ck beer, Water for, 210. 

,, liquor, 104. 

,, pigments, 38G. 

► „ salt, 34 
... : 1 ' 7 . 
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Black “tar,” 111. 

,, vitriol, 450. 

Blacks, Diazo, 364. 

“ Bladder lard,” ‘254. 

Blanc fixe, 386 ; as a loading 
material, 365. 

Blank cartridges, 433. 

Blast furnace slag for cement. 154. 
Blasting gelatine, 432 (see Gelatine , 
Blasting). 

Bleach, 57 : Electrolytic, Prepara¬ 
tion of, 57. 

Bleaching, 281; by alkaline peroxides, 
456; by bleaching powder, 285; 
by chloride of lime, 285; by hydro¬ 
gen peroxide, 283, 284; by oxida¬ 
tion, 283; by potassium perman- 

f anate, 287 ; by reduction, 283; 

v sodium peroxide, 2S3; by sul¬ 
phites, 283; by sulphur dioxide, 
283; Electrolytic, 286. 

Bleaching powder, chandlers, 46; 
Manufacture of, 40; Production 
of, 46. 

Blende, Sulphur dioxide from, 6. 
Blind roasters, 28. 

Block gambior, 400. 

„ kieserito, 453. 

,, printing, 361. 

Blood albumin, Application of, in 
calico-printing, 362. 

Blood, Defecation of sugar by, 192; 

Dried, as manure, 123. 

Bloom deposited by tannins, 398. 
Blown oils, 251. 

rape oil, 251. 

Blubber of whale, 255. 

Blue, Aniline, dyestuffs, 309. 

Blue bricks, 158. 

,, from auisidine, 356. 
f% lm limestone, 143 (see Lime¬ 
stone). 

„ oil, ill. 

„ pigmerits, 376. 

,, stone, 449. 

„ sulphur, 377. e * 

„ vitriol, 449. 

Blues, alkali, Application of, 359 ; 

Aniline, 308. 

Body of pigments, 369. 

Boiled-on liquor, 283 ; silk, 283 1 . 
Boiled linseed oil, 250 (see also 
Linseed, oil). 

„ oil, 250. ' , 

Boipng and mashing, Influence of 
Cwater used for, in brewing, 214.’ 

“ Bombonnes,” 29. 

Bombyx mopi, 277. 

Bone, Analysis of, 113. { 


Bone-ash, 121; superphosphate from, 
121 . 

'Bono black, 386. 

,, charcoal, 114. 

,, distillation, Ammonia from, 
115 ; Gas from, 115. 

,, fat, 244; an adulterant of 
tallow, 253; Recovery of, 
113. 

,, flour, 121. 

,, meal, 121. 

,, oil, 114, 244; Specific gravity 
of, 114. 

Bones, Destructive distillation of, 
113; Dissolved, 121; for manure, 
121 ; Glue made from, 421; Nitro¬ 
gen in, 121. 

Boracic acid (see Boric acid). t 

Boracite, 453; Stassfurt, 440; 
Turkish, 440. 

Borate, Chromium, 380 ; glass, 174 ; 

Manganous, as a drier, 250. 

Borax, 441 ; Californian, 440 ; crude. 
Composition of, 441; Prismatio, 
441 ; Octahedral, 441. 

Bordeaux B. 294. 

,, mixture, 221. 

Boric acid, 440; as a preservative, 
440 ; Tuscany, 440 ; Uses of, 440 ; 
Winning of, 440. 

Boric anhydride, 440. 

Boronati o-calcite, 440. 

Bot marks. Prevention of, 394. 

Bottle nose oil, 244. 

“ Bottom acid,” 16. 

,, fermentation, 215 (see also 
Fermentation). 

,, yeast, 216, 217. 

Bottoms for basic dyestuffs, 353. 
Bouquet of wine, 222, 223. 

Bout my-Faueher method of nitrating 
glycerine, 430. 

B. 0. V.,” 16. 

Btjwk, Lime, 285. ' 

Bran dfench, 407 ; Acids in, 408. 
Brandy, 225; Brown, 225; Colour 
of, ‘225; Grape, 225; Marc, Fusel 
oil from, 225; Yield of, from wine, 
225. 

Hmssica campestris, 248. 

Brazil wood, 345, 355; Colours pro* 
• laced tyy, 345. ■ 

Brazilein, 345. 

Brazilian yellow wood,*345. 
ilf-azilin, 3A5. 

Breaking flax,-279. 

hideSj 405. 

‘‘Breakingrthe grain, ’270. , 

[Breeze, Charcoal, t8. 
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Bremen blue, 379. 

Brewers’ grains, 213. 

Brewing and distilling, 204; Bitter 
principles for, 209; Boiling wort 
m, 213; Character of barley for, 
207 ; Coolers used in, 213 ; Cooling 
wort in, 213; Effect of alkaline 
water in, 214; Effect of sodium 
chloride in water for, 214 ; In¬ 
fluence of water on mashing and 
boiling in, 214: Proportion of i 
yeast used in, 214 ; Refrigerators 
used in, 213; Starches for, 209 
Sugars for, 209; Water for, 210 ;| 
water for, Analysis of, 210; Waters 
rendered fit for, 210. 

Bricks, 157; Artificial. 154; Blue, 
158; Burning of, 158; clay for, 

• Analysis of, 15S; Colour of, 158; 
Fire, 158 ; Clazed, 158. 

Brilliant green, 355. 

,, scarlet, 384. 

Brimstone, Roll, 2. 

Brine, Analysis of, 25; Boiling point 
of saturated, 25; Pumping, 24; 
Saturated, for ammonia soda pro¬ 
cess, 48. 

British gum, 203; Manufacture of, 
203 ; Uses of, 203. 

Brix degrees, 184. 

“Broken baths," 300. 

Bromination, Method of, 314. 

Bromine absorption, 241. 

Bromine, Application of, 314; Ex¬ 
traction of, 458; Impurities in, 
459 ; Purification of, 459 ; “ Sol¬ 
idified.” 459 ; Uses of, 459. 

Brown acetate of lime, 104. 

,, oil of vitriol, 1G. 

,, sugar of lead, 104. 

,, vegetable colouring matters, 
348. 

Broxburn shale, Yield of product! 
^rom, 10G. 

Brunswick black, 115. 

„ blue, 378. 

,, green, 379. 

„ ,, Analysis #f, 380. 

Buff, Iron, 349. 

Buffs, 415. • 

Burners, 78; Efficiency of different 
as, 80; Illuminating effect of gas 
v#iwin different, 80; Kern, TtH 
Pypical gas, 78. * 

Burning naphtha, 89. 1 , 

„ cmI from petroleum refill inf, 
131. 

Burton water, 310. • 

Burtoni*ig water^*211. • 


Butane, 130. 

Butter, 254 ; Casein in, 254 ; Cocoa, 
243; Composition of, 254; de¬ 
fined. 254; fat, 254; fat, Properties 
of, 254; rancid, Butyric acid in, 
254; substitute, 254. 

Buttery oils, 252. 

Butt of hides, 407. 

“ Butts,” 394. 

Butyl alcohol, 233. 

Butyric acid, 239; in rancid butter, 
254. 


C 

Caohoii de Laval. 35S. 

Cadmium sulphide, 3.32. 

,, yellow, 382. 

315; hr«ri/oJi<i, 401; 
coriana, 400. 

Cakes, Oil, 249. 

Calamus roof, 230. 

Calearonc, I. 

Calcium bisulphite, G; for making 
w>» h! pulp, 3G8. 

,, carbide, S3; alcohol from, 

253; cyanide from, 1G0. 

,, carb'inate, Ifissocialion of, 

137. 133 ; Heat of forma¬ 
tion of. 13S; in gun¬ 
cotton, 128. 

,, chlorate. 17. 

,, chloride, Kunelion of, in 

We!.ion process, 43. 

,, citrate, 415. 

,, eyanamide, 100. 

,, nmnganile, 42. 

,, monosaceharate, 181. 

,, oxalate, 113. 

,, saecharute, 1X1. 

,, sulphate, 112 ; as a Idluliag 

material, 3G5. 

,, sulphide as depijatory, 405. 

,, tartrate, 441. 

,, thiosulphate, 384. 

Calcutta linst&d oil, 250. 

Caledonian white lead, 374. 
Calendering, 3G6. 

Calf-kid, 413. 

Caliche, 122; Extraction of iodino 
from, 459. 

Calico-printing. 301; Styles of. 301, 
362,#303 ; Thickening agents for, 
381. 

Californian borax, 440. 

Camomile, a hop substitute, 210. 
Camphor, 258. 

Camphors, 25S. 
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Capiwood, 345, j Carbonating tower for ammonia-soda 

Canaigre, 401. process, 50. 

Candle moulds, 269. Carbonation of tank liquor, 33. 

Candle power of cannel gas, 77; coal Carbonic acid from breweries, 220. 
gas, 77; coal gas determined, 76; Carbonising in retorts for gas pro¬ 
oil gas, 84. duction, 67 ; wood in kilns, 99 ; 

Candle, .Standard, 76, 269. wood in retorts, 100. 

„ wick, Function of, 268. Carbonyl chloride, Application of, 

,, wicks, Treatment of, 268. 308, 328. 

Candles. 267 ; Moulded, 269; Ozo- Carburinc, Enriching gas by, 82. 
kerite, 269; Paraffin, 269; Poured, Cardamoms, 230. 

269; Haw materials for, 267; Carmin, 348. 

Sperm, 269 ; Stearin for, 268 ; Carmine, 348 ; Cochineal, 387. 

Stearin (stearic acid), 272; Wax Carminic acid, 348, 387; Alumina 
for, 26S. lake of, 248. 

Cane sugar, 176, 177 (see also Sugar, Carnallite, 124, 452. 

Cane) ; Fermentation of, 215 ; Carriers, Oxygen, 307, 308, 330. 
juice (see also Sugar-cane juice). Carthamin, 347. 

Cannabis saliva, 280. Cartkamus tinctorim, 347. ( 

Cannel, Composition of, 66 ; for Casein in butter, 253. 
enriching gas, 80; gas, Candle Cassava. 202. 
power of, 81 ; Tar from, 81. Casscl yellow, 383. 

Caoutehene, 260. Cassia, 230. 

Caoutchouc, 260 ; Behaviour of, Cast-iron vessels, Concentration of 

when heated, 260 ; Ceara, 260; vitriol in, 18. 

Para, 260 ; Solvents for, 260 ; Costner cyanide process, 460. 
Vulcanised, 261. Castner-Kellner process, 59. 

Caput mortuum, 23. Castor oil, 243, 251; group, Oils of, 

Caramel, 196; for colouring beer, 243. 

196, 219 ; for colouring sherry, Catalytic process, 19. 

197 ; for colouring spirits, 223 ; Catechu, 347, 400. 
for colouring stout, 206 ; for Cathode secondary, 60. 
colouring vinegar, 197 ; made from Caustic ash, 34. 

Btarch sugar, 197. ,, liquor, Analysis of, 36. 

Carbide, Calcium, 83, 253, 460. ,, potash, 454. 

Carbohydrates, 176; of barley, 207. ,, soda, 35 (see also Soda) ; by 

Carhol&te, Sodium, 89. electrolytic process, 58. 

Carliolic acid, 89; Specific gravity Causticusing process, 36. 

of crude, 89. ,, soda ash by fusion with 

Carbolic oils, 89. ferric oxide, 52. 

Carbon bisulphide, 463; Boiling point Ceara, caoutchouc, 260 ; rubber, 360. 

, of,‘463; Heat of formation of, 463; Cedar oil, 258. 

Plant for making, 463 ; Removal Cedrene, 258. 
of, frorq coal gas, 74 ; Specific Oedrenes, 257. 
gravity of, 465. Celeatine blue, 358. * 

Carbon black, 129, 386. Cells,^Battery of, for sugar diffusion 

,, density, 78. * ' process, 180. 

,, from acetylene, 84. Celluloijl, Solvent for, 233. 

Carbon dioxide from breweries, 220 ; Cellulose, Destructive distillation of, s 
in exit gases from ammonia-soda 64 ; for paper-making, 365; hexa- 

process, 51; in lime kiln gases, 51; nitrate, 428 ; 'nitWfcted, Varnishes 

Liquid, for preserving beer,'220. from, 263 ; Nitration of, 428 ; 

Carbon, Cas, 70; Retort, 70. r »Nitr<v, 427. ''me. 

Carbon tetrachloride, 247, 46,5; Boil- Cement,- Asphalt, 135; bNrmng, 
ing poipt of, 465; Specific gravity Chemistry of, 151.o 
. 465. < y (Cement (‘linker, Constitution of, 151; 

* bicarbonate vessel,” 74. “Fallen,” 151, 152 ; Proximate 

Carbonates, alkali, Saponification analysis of v 151; Under-burnt, 151. 

with, 2*4. Cement, tEffect of* temperature on 

*' { ' * * 
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setting of, 142; for china, 421 ; 
for electrolytic diaphragms, 58 
(1 rinding, 149; Hydraulic, 143 
Keene’s, 142; kilns. 146. 

Cement, Portland, l-r5; Analysis of 
materials for, 150; clay for, Analy¬ 
sis of, 150; Dry process of mixing, 
145; Gypsum in, 153; Hardening 
of, 152 ; Materials for semi-dry 
process of mixing, 145; Magnesia 
in, 153; Materials for wet process 
of mixing, 145 ; Rotatory kilns 
for, 147 ; Setting of, 152. 

Cement, Puzzuolanic, 153 ; Roman, 
Analysis of, 144; Scott’s, 143; 
Slag, 154; slurry, Analysis of, 
150. 

Centrifugal machine, 178. 

(^rcsin, 135, 439. 

Cerium dioxide, 79. 

Cerotate, Ceryl, 245 ; Myricyl, 245. 

Cerotic acid, 239, 256. 

Ceryl cerotate, 215. 

Cetyl palmitate, 245, 255. 

Chalk, Analysis of grey, 138 ; Analy¬ 
sis of white, 138; Levigated, 

Chamber acid, 15 ; specific gravity 
of, 15. 

,, crystals, 13 ; method of 
making white lead. 371 - 

Chamois leather, 415. 

Champagne, 224. 

Chance-Claus process, 37. 

Charbon roux, Analysis of, 102. 

Charcoal, Absorption of gases by, 
102 ; Analysis of animal, 114. 

Charcoal, animal, Use of, in oil re¬ 
fining, 245; in sugar refining, 
193. 

Charcoal, Bone, f 14 ; breeze, 98 ; 
burning in heaps, 98; in meilers, 

98. 

Charcoal for gunpowder, 425; Analy¬ 
sts of, 425. • 

Charcoal from straw, 426 ; Sjfccific 
gravity of, 99; Wood, for purifying 
spirit, 232; Yield of, from wood, 

99, 101. 

“Char,” 114. # 

Char for sugar refining, 19'?. 

Char, Reburning, 193; Revivified, 

“ Check 

Chemickin^ 

Chili saltpetre, 

Chimney gasei id 

in, 29. # 



China, Cement for, 421 ; clay as a 
loading material, 365; grass, 280; 
grass, Bleaching, 288; stone, 161. 

Chinese blue, 377. 

„ galls, 397. 

,, process for making ver¬ 
milion, 383. 

,, wood oil, 243. 

Chlorates, 47 ; Electrolytic prepara¬ 
tion of, 56. 

Chloride, Benzal, 258 ; of lime, 
Bleaching by, 285 ; of lime, Pro¬ 
duction of, 46. 

Chlorination, Mordanting by, 283. 

Chlorine, Liquid, 47 ; Boiling point 
of, 47 ; Specific gravity of, 47. 

Chlorine, Manufacture ot, 4«>; Manu¬ 
facturing yield of, 43; Nitric acid 
processes, 45. 

Chlorine process, Deacon’s, 44. 

Chlorine for making hydrochloric 
acid, 63 ; Recovery of, by Weldon- 
Pcchinoy process, 55 ; in ammonia- 
soda process, 54 ; process, Mond’s, 

Chlorine stills, 41. 

Chloroform, 465. 

CldoroRulphite of load, 374. 

Cholesterol, 244, 276. 

Choiino in hops, 209. 

Chondrin, 420. 

Chromate, Ammonium, 380; Barium, 
382; Basic lead, 382; Lead, 381 ; 
Mercurous, 380; Sodium, 147 ; 
Stannic, as pigment for glass, 174 ; 
Zinc, 383. 

Chromates, 447 ; Manufacture of, 
from chrome iron ore, 447. 

Chrome alum, 452; converted into 
bichromate, 300. 

,, aventurin, 173. 

„ brown, 358. • ^ 

„ green, 380. 

„ iron ore, 447 ; Manufacture 
of chromates from, 447. 

,, orange, 382. 

„ re<f, :m. 

,, tanning, 413. 

,, yellow, 358, 381 ; “pure,” 

382. 

Chromic acetate, Use of, in dyeing, 
352. • 

Jhromic acid, 448 ; as a mordant, 
352; for purifying spirit, 232 ; for 
waj bleaching, 256, ^ 

Chromic anhydride. 448. J 

* fluoride, Use of, in dyeing! r* 
352. 

oxide, 380. 


• »> 
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Chromic sulphate, Use of. in dyeing, 
352. 

„ thiocyanate, Use of, in 
dyeing, 352. 

Chromite, 447. 

Chromium acetate as a mordant, 362. 
,, borate, 380. 

„ fluoride as a mordant, 359. 

,, greens, 380. 

. ,, mordants, 352. 

,, phosphate, 380. 

Chromogen, 292; I, Application of, 
359. 

Chromophore, 292. 

Chromotropic acid, 359. 

Chromotrops, 358. 

Chrysaniitie, 357. 

Chryaaniline, 306; Manufacture of, 
336. 

Chrysoidine, 293, 355. 

Chrysophenin, 354. 

Cider, Composition of, 224; vinegar, 
237. 

Cinnamic acid, 259. 

Cinnamon, 230. 

Citrate, Calcium, 445. 

Citric acid, 445; aB a resist, 363. 

Claret, 223. 

Clarifying wine, Beech shavings for, 
236. 

Claasen’s doxtrose process, 196. 

,, starch sugar process, 196. 

Claus kiln, 38. 

Clay, 156 ; Analysis of, 156 ; of 
brick, 158 ; of tiro, 158 ; China, 
as a loading material, 365 ; Cor¬ 
nish, 157 ; for Portland cement, 
Analysis of, 150 ; Gault, 145; 
industries, 156 ; Manufacture of 
alum from, 451 ; marls, 157 ; 
Plastic, 157 ; Porcelain, 157. 

<01a$s, Classification of. 157; Fire, 
157 ; Fusibility related to com^ 
position of, 157; Plasticity related 
to composition of, 157 ; pottery, 
Analysis of, 156; p^tery, Pro¬ 
perties of, 156. r 

Clean spirit, 227. 

Cleansing and softening hides, 404. 

,, beer, Systems of, 219. “ 

„ fibres, Principles oj[, 282. 

Clichy process for making* white 
lead, 372. 

Clinker Cement, 149. , 

Cloqe ter 1 ), Flashing point, 131 r 
wooda (dyewoods), 345. , 
*^Cloth brown, 358. 

„ red, 358. 

Coal, Deductive distillation of, 6?. 

» , 


Coal distillation, Distribution of 
nitrogen in, 70 ; Influence of tem¬ 
perature of, 69; Lime used in, 70; 
Steam used in, 70. 

Coal, Knergy value of gaseous pro¬ 
ducts from, 82; for alkali manufac¬ 
ture, Nitrogen in, 27; Small, for 
alkali manufacture, 27 ; Valuation 
of, for gas making, 66; Yield of 
ammoniacal liquor from, 75; of 
coke from, 75; of gas from, 75; 
of tar from, 75. 

Coal gas, Action of lime purifier on, 
74 ; Ammonia in, 77 ; Amount of 
impurities in crude, 75; Analysis 
of, 78; Candle power of, 80; 
Composition of, 75; Determina¬ 
tion of sulphur compounds in, 77 ; 
Diluents in, 78; Knrichnient q f , 
SO; Knriehing, by oil water gas, 
81 ; Ferric oxide purifier for, 73; 
Illuminants in, 78 ; lllmniuating 
power ot, 73; Influenco of tern 
peraturo of distillation on, 76; 
Non-illummaiit combustible gases 
in, 78 ; Removal of carbon bisul- 
pliido from, 74; “ roughed, ’73 ; 
Standard limits for impurities in, 
77 ; Sulphur compounds in, 77 ; 
Sulphuretted hydrogen in, 77; 
Valuation of, 76. 

Coals, Composition of gas, 66; gas, 
Infiuenco of composition of. on 
yield of coke and gas, 66; Yield 
of ammonia from gas, 85; Yield 
of coke front gas, 69 ; Yield of gas 
from gas, 69; Yield of tar by 
different, 86. 

Coal tar, 85; Composition of Beck- 
ton, 87; Constituents of, 86; 
Crude naphtha from, 87 ; Distilla¬ 
tion of, 86 ; First runnings front, 
87; Light oil from, 87; Pitch, 92; 
Products front distillation of, 87; 

< x Qijjnoline from, 335; Specific 
gravity of, 86. 

Coal washing, 92. 

CobalLblue, 379. 

„ glass, 173. 

,, yellow, 333. 

Coccerin, 348. 4 

i Co -ceryl coccerate, 348. 

"LoccvIhh palmatus, 348. <: 0 

Coccus i acti, 348. 

,, tLtc«g, 349. * 

- „ Ccca, 359. 

Cf chine; ! l, 348; Artificial silver grain 
on, 34£; b?ack, 3^48; carmine, 387; 
Granilra, 348 - Silver gnain, 348. 
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Cocoa butter, 243. , Connective tissue, 301. 

,, gunpowder, 426. Conlael chandlers, 20. 

Coco nut cake as fodder, 253. 1 ,, mas.-, 22. 

Coco-nut oil, 252 ; deHavoured. 254 ;. „ *• prisons," 20. 

for margarine, 254; night Indus,; ,. pro.es.-. 10. 

268; Properties of, 252 ; Keliiniig , ('opal, 2 »0. 
of, 252 ; Yield of, 252. ; t op d\eing, 550. 

Cocos iivci/tra , 252. ' C..pp,V eoke oven, 95. 

Cod-liver oil, 244,255; Adulterations j Copper, Act ion of aeei\leiie on, 83. 
of, 255; Medieinal, 255; Proper ties Copp. r ai et.ite, Ba-ie. 5s|. 


of, 255; Tanner’s, 255. 

Cttdestiue, 45(5. 

CcmdeVn, 315, 355, 351). 

Colley still, 227 

Cognac, 225 ; Analysis of, 225. 

Coke, Analysis of, 93. 

Coke from petroleum distillation 
133; (<as, 1)2. 

Gteke oven, 1)2; Beehive, 1)3; Coppee 
1)5 ; simon-Carves, 26. 

Coke, Yield of, from coal, til). 75 
from Simon-Carves oven, 37. ( 

Coking in heaps, 33; in modem. ( 
ovens, 35; with recovery ot pm ( 
ducts, 35. 

Coleotlmr, 23, 3S5. 

Cold drawn oil, 215. 

,, press, Oil from, 245. 

Colinin. 340. 

Collagen, 331. 

Collodion for mantles, SO. 

,, cotton, 423. 

Colloidal character of starch, 202. 

Colophony, 258. 

Colour, Armstrong’s theory of, 29S ; 
correctives, 105, 202, 377. 

Colour lakes, 351. 

,, of mixed pigments, 309. 

,, printing, 501. 

Colouring matters, 231 ; Mineral, 
349. 

Colours, Aniline, 303; l->< .elopers 
for, 350; Fast, defined, 2ft9 ; In¬ 
grain, 297, 350. 

Column still, 227. 1 

Colza oil, 248. 

“Cooler grounds,” 213. 

Coolers used in brewing, 213. t 

Combustion tube glass, Benson for 
refractory charade# of, 171. 

Condensers for* gas making, 71; 
Guttmann’s nitric acid, II. 

r’s,Ternperature m<fisutea | 
by, 160. I 

Confectionery IliRourings. ‘iff, 258. 


Congo red, 296, 354. 


J 


Coniferine in beta. ja.ee, 17 q i 
Conifers, a sourceturpentine, 256. ; Creolin, 89. 
Coniine, Mm. ■ CJfcosol, 103. 


nit* . 3M. 

,, e,ll Inmate, ]• isie, 3SI. 

,. <i\nl«* lor oil piirilie.ition, 131. 

.. * *\ ieiiini'ide, 3 n0. 

.. sulphate, Manuf irlurc of, 

I 19; I'ses ul, 221. 150. 

( *»pp* i-i 150; \at for dyeing with 
itidign, 3t2. 

1 "piall. 252. 

< I'pmliie.*. 117. 

('nrallim- yellow 311. 

< ’•nr/o /■</.-’ 2Mi 
.nine. 452. 
a lander. 250. 

, ( uriiii, 391. 

' ('• rniiii. 3M». 

. ('oruisli elay. 157; sluin', 101. 

(.."IT" live- •>? et.h.iir l<»: gl.«s.->, 105 
j t '<is.-lies, 179. 

Cotton, ‘278; A.-tum "f .nails and 
alkalies mi, 279; Ue.ielnng. 2M ; 
d\.mg, 554. 

j (,'• 1 1 * hi fibre. 278 ; Analyst- of. 279 ; 

I St nu t me of, 278. 

'(.‘"It mi, Fi.\ eo!d. r t han, 281 1 ; Flax 
eo pai.d with. 279; Ib h'.ion of, 
I., die.inil-. 291 ; Seoul mg. 284 ; 
j S'uinim;. Chemistry oi. 28.i; 

• “Maple" ot, 279: Yell"iv colour 

j ot lile.ielu-d, ('olTl.’eted, 2Mi. 

j Cot ton set d blue, 219; cake as 
todder. 219. * 

4’otton-need oil, 243, 248 ; an adul¬ 
terant of lard, 254 ; greup, Oils 
of, 242 ; Properties of, 249 ; Uses 
nl, 249. # 

Cotton-seed stArin, 249; an adul¬ 
terant of tallow, *253. 

Cotton singeing. 284 ; wool, 278. 
Oftieh, Barley, 205. 

Co verily power of mixed pigments, 
309. 

f ,v O.'raeking'’of liydro- arbons in gas 
making, 70; petroleum, 129. 
hV'ra’yfc,'’ 102. • v 

[Urea at of tartar, Use of, indyeing,35W - 
Cream separated from milk, 254. 


31 
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Greosolic acid in soap. 276. 

Creosote for lighting, Use of 
oils, 90 ; Wood tar, 102. 

Cresotinic acid, 408. 

Crcsylic acid, 89. 

Crimson lakes, 348. 

Croeein orange, *294 ; scarlet, 296. 

Cr<>s j and Young’s cyanide process, 
462. 

Croton oil, ‘243. 

Cruciferw, Oils of the *242. 

Crust, 412. 

( rust of wine. 223. 

Crutch pan, ‘266- 

Cryolite, Carbonate of sodium pro 
pared from, 56. 

Crystal carbonate, 34; tannin, 39/ ; 
violet, 23», 308. 

Crystallisation of salts with each 
other, 450. 

Cube sugar, 194 ; gambier, 400. 

Gullet, 165. 

Cupric arsenite, 381. 

Curcas oil, 243. 

Curcuma tiuctoria , 346. 

Curcumin, 346. 

Curd soap, 265. 

Curried leather, 412. 

Currying leather, 417 ; Oils used in. 
417. 

“Curtains” of vitriol chambers, 7. 
Cutch, 347, 400. 

Cuttle fish socretion, 387. 

Cyanamide, Calcium, 460. 

Cyanamine, 327. 

Cyanido, Barium, 460. 

,, Calcium, 460. 

,, Potassium, 462. 

Cyanides prepared from gas purifier, 
461 ; Production of, 460. 

Cyanine, 335. 359 ; Iso-amyl, 335. 
i-Cyrfnines, 335. i 

Cvanogen compounds, 460; Forma,,! 
tion of, from carbon and nitrogen, 
460 ; Heat of formation of, 460. 
Cylinder oils, 133. , 

Cymene, 257. 

Cymogene, 130. 

D 


Deacon’s chlorine process, 44. 
Dead-burnt lime, 141. 

Deblooming mineral oils, 13.2. 

o oils, Nitronaphtfalene 

f for, 91. 

^Decortication, 249; of seedB, 245. 
Defecation of juice of beet, 181; 
of sugj*^' by blood, 192. V 


D^gras, 415, 417 ; former, 417. 
Degreasing skins, 405. 

Demerara sugar, 192; Tin in, 194. 
Denatured spirit for varnishes, 235. 
Denaturing alcohol, 234. 

Denaturing spirit, German system of, 
235 ; Oil of turpentine for, 235 ; 
Pyridine bases for, 234. 

Denitration of artificial silk, 278. 
Denitrifying organism, 1‘23. 
Dephlegmator for benzol still, 88. 
Depilatories, 405. 

I Jenmobacterium hydrogeni/erum, 343. 
Destructive distillation, Principles 
of, 64 ; Typical products of, 65. 
Detergent action of soaps, 267 ; pro¬ 
perties of soap enhanced, *264. 
Detergents, 443. 

Detonation, Explosion contrasted 
with, 423. 

Detonators, 433. 

Developers for ingrain colours, 354. 

1 Devitrification of glass. 170. 

Dextrin (dextrine), 203; Achroo, 
212 ; Erythro, 212 ; Malto, 212 ; 
Manufacture of, 203; Uses of, 203. 
Dextropincnc, 257. 

Dextrose, Composition of commer¬ 
cial, 196 ; for sweetmeats, 197 ; 
Properties of, 196 ; Purification of, 
197 ; Sweetening power of, 196. 
Diabet ic patients, Sugar for, 197. 
Dialysis of glycerin, *273. 
Diamidoazobenzene, tormation of, 
293 ; Formula for, 293. 

Diamidogen black, 296. 

Diamidotriphenylmethane dyestuffs, 

310. 

Diamine black, 354 ; blue, 354 ; fast 
red F, 357 ; red, 354 ; yellow, 
358. 

Diamond black, 129, 386 ; yellow, 
358. 

Diastase, 207 ; Analysis of, ?08; 
■ Effect of antiseptics on, 208 ; Iso¬ 
lation of. 208. 

Diastatic power of malt, 208 ; Lint- 
ner’s-standard of, 208. 
Diazoamidobenzene, Preparation of, 
332. - , 

Diazobenzenc chloride, Formula for, 
*293 ; Formation of, 293. 

‘l5iazo Macks, 354. 0 « 

1)ia/.o-cVmpounds, 292 ; defined, 294. 
l)iazotis*ng, Process of, 293. 
Dicaleiirn phosphate, 119. 


LUCaiCllI' r n pnusputtLo, 

1 );-ethylwnidophenolphthalein, 315. 
Diethyln-eta^aidopbenol, 315. 
Dietzschi^kilnB,yl46. r 
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Diffusers for sugar extraction, 180. “ Double superphosphate,'” 110. 

Diffusion process for extracting beet “ lira If,” 226. 

sugar, 179. Drawing gas retorts, GO. 

Dihydroxyanthraquinone quinoline, Drencliing skins, 407. 

301. Dressed leather, 412. 

Dihydroxynaphthonuinone, 208. Dressing leather, 412. 

Dihydroxyplitlmlophenone, .‘112. Drier for manure manufacture, 490 ; 

Dihydroxy tartaric acid, .‘>20. I.itirarge us a, 250; Manganese 

Dihydroxytoluic acid, Formula for, borate as a. 250. 


347. 

Diluents in coal gas, 78. 

Dimethylamidoazobenzene sulphouic 
acid, Formula for, 293. 

Dimethj'laniline, 90S. 

Dimethylparaphenylencdiamine,3|S; 
Application of, 324 ; Sulphosul 
phonic acid, 325. 

Dinas fireclay, 157. 

I4initro-«*naphtho], 201. 

Dinitro-benzcne, Manufaetureof,303. 

1 >init rosoresorcinol, 321. 

Dinstuoro process, S3. 

Dipheiiylene azinc, 316. 

Diphenvlnaphthvlmethane dyestuffs, 
309. ‘ 

Dippol’s oil, 114. 

Dips, Tallow, 2GS. 

Direct colours, Dyeingsilk with, 350; i 
dyes, 351; dyestuffs, Rxamples of, j 
354. 

Disaccharides, 176. 

Disazo - compounds delined, 294 
dyestuffs, formation of, 295. 

Discharge pastes, < ixidising. 3G3 
Reducing, 3G2. 

Discharge, Stannous acetate as a, 
362 , style of calico-printing, 362 ; 
Zinc dust as a, 362. 

41 Discharging” silk, 283. 

“ Diseased ” wool.*275. 

Diseases of beer, 220. 

Disinfectants from petroleum. 134. 

Di-sodoxyunthraquinoue, 300. 

Dissociation of calcium carbonate, 
1.T7. 

Dissolved bones, 121. 

Distillation, Destructive, G4. 

Distilled oleic acid, 271 : vcudig.C.*, 
381. 

Distillers’ grains, Analysis of. 2.26 

Distilling and brewing, 204. 

Di-strontium sau-harate, 189. 

Dip* dip, if 00. # 

Dodceatyl alcohol, 244; oleugc, -o5 
pliysetolcnfc, $55. r • 

Dceglic acid, 239, 244. 

Dmgling oil, 244. 

Dolomite limestcije, 137 

Dongola leather, 414.^ 


Driers, 250. 

Drips, Acid, in vitriol chambers, 
1G. 

Dropping pipe, 228. 

Drying oils, 243, 249 ; delined, 240; 

Semi-, 249. 

Dry sailed hide-. 394. 

Du 1 lean and Newland s jiroecss, 101 
Dung, Application of, in milking, 
white load, 370. 

Dust from pyrites burners, 7. 

Dutch process for making vermilion, 
384 ; white lead, 370. 

Dyeing and mordants, 350; bath, 
Circumstances influencing const i- 
t ut ion of, 350. 

Dyeing cotton, 354 ; with arid 
colours, 355; with basic colours, 
355; with direct dyeslnils, 354 ; 
with mordant dyes, 355; with 
special dyes, 355. 

Dyeing, Chemical theory of, 289 ; 
Co])-, 350; Cenoral principles of, 
289 ; Hank-, 350 ; ingrain. Advan¬ 
tage* of, 297 , ingrain, Methods of, 
247; Jute, 360; Leather, 417; 
Methods of, 350; mixed fabrics, 
35G, 3G0, 361 : Physical t heory of, 
290; Theory of. 29n; tone produced 
in. Influence of the fibre on, 356 ; 

‘ Vat-,” with indigo, 342; Wafer 
for, 364 ; Witt’s thorny of, 292. 
Dyeing silk, 359 ; with acid eoloTus,* 

# 300 ; with basic eolours, 359 ; with 
j direct colours, 359 ; witlkinordanl 
•J colours, 360. 

i Dyeing stylgof calico-printing, 362. 

1 Dyeing with anfiine black, 330 ; with 
I basic lead chromate, 349 ; with 
j chronic yellow', 349; with coehi- 
| lieal, 348. 

I Dyeing.with indigo, 342; Copperas, 

1 vat for, 342; Hydrosulphite vat 
1 ’ or, 342; Wood vat for, 342. 
j Dyeing *vit,h ingrain colours, 354 ; 
a witl» khaki, 349 ; with lomfchfyin- 

# at* 349 ; with manganese brow#, ( 
349 ; with orange chrome, 349; 
.with Prussian blue, 349. 

lj j*eing wool with acid colo%rs l# 357 ; 
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' with basic colours, 357 ; with i Eau dt Javdte, 47. 

diroct dyes, 350 ; with mordant ,, Laburraque, 47. 
oolours, 358. Ebonite, 261. 

Dye, Lac, 259, 349. K.(J. powder, 430. 

Dyes, Acid, 351; Acid, classified, Edge runner, 3S8. 

357 ; Adjective, 289 ; Aniline, Egg-yolk, Application of, in tanning, 
303 ; Basic, 351 ; Direct, 351 ; 413. 

distinguished from dyestuffs, 289 ; Elaidin reaction, 242. 

Mineral, 349 ; Mordant, 351 ; Elaia guinenms, 25*2. 
mordant, Examples of, 355 ; Elastic fibres, 392. 

Special, 351 ; Substantive, 289 ; Elastin. 392. 

substantive, Examples of, 354. Electric furnace for carbon disul- 
Dyestuffs, Acridine, 336; Adjective, phido, 463. 

defined, 289 ; Application of sul- ,, ,, for phosphorus, 436. 

phonic acid, 357; Aurine, 310; ,, tanning, 411. 

Azo, converted into mordant Electrodes for alkali making, 57. 
colours, 358; Azo-compounds, 292; Electrolysis of magnesium chloride, 
blue, Aniline, 308; Classification 286; Preparation of bichromate 
of, 292 ; classified according to by, 448. 
mode of application, 350 ; contain- Electrolytic bleaching, 2S6- 
ing sulphur, 323, 338 ; Diamidotri- ,, diaphragms, 58. 
phenylmothane, 310; Diphenyl- Electrolytic preparation of alkali, 57; 
naphthylmothane, 309; Disazo, of bleach, 57 ; of chlorates, 57. 

295; distinguished from dyes, 289 ; EUagic acid, 398. 

distinguished from pigments, 289 ; Elution, Sugar recovered from 

Examples of direct, 354; Forma- molasses by, 188. 

tion of amidoazo, 293 ; Formation Emerald green, 380. 

of hydroxyazo, 293; from naph- Emeraldinc, 331. 

tliols, 294; Methylation of aniline, Emulsifying power of lanolin, 276. 

308; Natural organic. 339 ; Nitro- Etiiulsin, 258. 

compounds as, 292 ; Organic Encaustic tiles, 158. 

synthetic, 292; Oxazino, 326 ; Endogenous division of yeast, 215. 

Phthalein, 311; Primulino, 296; Energy absorbed in production of 

Quinone derivatives as, 297; Rela- water gas, 81; changes in alkali 

tion of cotton to, 290; Relation of processes, 61 ; into light, Convcr- 

fibres to, 290; Substantivo, de- sion of, 80; of explosives, 422; 

fined, 289 ; Sulphurised, 338; Tri- value of gaseous products from 

hydroxytriphenylmethane, 310 ; coal, 82. 

Triphenylmethaue, 302 ; Tetrazo, Engine oil, Olive oil as, 247. 

294; tetrazo, Formation of, 295 ; English galls, 397; soft porcelain, 
Violet aniline, 308; Witt’s Theory 161; sulphuric acid, 23. 

" o*t, 292. Enriching coal gas by oil water gas, 

Dyewoods, 344. . 81. 

Dynamite, 431 ; Explosion of, 432; Enriching gas by acetylene, S3,; by 
Gelatine, 432 ; Manufacture of, benzene, 82; by earburino, 82; 
431. by naphthalene, 82; by tar, 83; 

Cannot for, 80. 

Enrichment of coal gas, 80. i 

E Enzymes, 204; Typical effect of, 204. 

Eosin scavlet, ?14 ; Soluble, 314. 
Earthenware, 162; Kilns for, 163. Eosins, 313. 1 

Earth nut oil, 242, 248; cake, 248;, Epidermis. 389. 

Detection of, 248 ; Iodine abse p- Epsont 1 salts, 453. « 

tion of, 248 ; Saponification KquivaPenta, Mean, oils ascertained, 
e^uiv.vlcnt of, 248; Specific gravity 241. r 
' ot, 248; Uses of, 248; YieH of, J Ercctoi^muscle, 390. 

1 248. Rodin *40.8. 

East India kips, 394; linseed oil, Erucate? 01 j eery 1/- 248- 
250. <■' * Erucic acid, 239, 242. 
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Erythrin, 347. 

Erythrines, 314. 

Erythro-dextrin, 21*2. 

Erythrosin, 314. 

Erythrozyme, 299. 

Esparto, 280, 3(55; boiling, 396; 

Manufacture of pajxr from, 366. 
Essential oils, 257; Winning of, 257. 
Etageofen, 146. 

Etching glass, 174. 

Ether, 465. 

„ tannin, 397. 

,, value, 242. 

Ethereal salts, 239, 255. 

Ethylidene lactic acid, 4 14. 
Euphorbiacot’, 260. 

Eurhodine, 317. 

Etfxautliic acid, 3S7. 

Evaporator, Multiple effect, 184,367; 
Triple rlicet, 184; Wetzel, 178; 
Vary an. I So. 

Excise system of stating nboholie 
strength, 234. 

Exhauster, lk-ale's rotatory, 71. 
Exothermic decomposition of wood, 
105. 

Explosion contrasted vith detona¬ 
tion, 423. 

Explosive mixture of g-s and air, 79. 
Explosive, Picric arid as an. 433. 
Explosives and matches. 422. 
Explosives, Barium nitrate in, 430; 
delined, 422; Energy <>f, 422: 
High, 427 : Measurement of eflce 
tive pressure exerted by, 423; 
Nitro*. 4 7; Bapiditv of, 423; 
SprengtTs, 433. 

Extractor for use with volatile 
solvents, 246. 

“Extracts” for tanning, 402; 
Analysis of, 403. 


Fannies, Effect of heat on asbestos, 

281 . 

“ Fallen” cement clinker, 151. 
Falling of skins, 395. 

Farmyard manure, 124. 

Fast, colnviw defined, 289. * ** 

Fastness of indigo, Cause of, f 12 
Fat from omentuln of pig, 251. 
“Fat” lime, 138, 111. * 

Fats, 239; Differed • of, fror* w r: k , 
241; Hydrolysis of, 269Hydro¬ 
lysis of, tystea/h, 270; Hydrolysis 
of, by sulphuric acid, 2,41, 271; 


Identification of, 241 ; Kendo*, ing, 
246; Saj>omfiealion of. 240. 

Fats and oils. Classification of. 242; 
Hydrolysis ot. 2IO; Biepiration 
of. 242; Properties and Uses of, 
240. 242, 247: I'se ol. in soap 
making, 264. 

Fatty acids applied as mordants, 
353. 

Fatty acids, Formula* of, 239; 
Melting point of, 239; Solid, made 
from oleic acid. 270; Table of, 
239 ; volatile with steam, 243. 

“ Feeding bark." 218. 

Feet, of cattle, Oil from, 253. 

Folding's solution, 208. 

Feints, 227 

FeNpur, 156. 

Fennel, Sweet, 230. 

Ferment, Acetic acid, 235; defined, 
201 . 

Fermentation, Acetic, 235; Analysis 
of products of cane sugar, 217 ; 
Artificial cooling tor bottom. 215; 
Bottom, 215; Bottom of wine, 
222 ; Chemistry of alcoholic, 216 ; 
defined, 204; (ih'cerin produced 
during, 217. 

Fermentation of cane sugar, 215; of 
grape juice. 222; of milk sugar, 
216; of molasses, *230; of must., 

I 222; of sugar. 215; of wine, Eflect, 

I of plaster of Paris on, 223; of 
uort, 213; of wort for whiskey, 
226. 

Fermentation, Refrigerating for bot¬ 
tom, 213; Itopy, of beer, 220; 
Starch separated from gluten by, 
200; Succinic, acid produced in 
acetic, 235; Top, 215; Top, of 
wine, 222. 

Fermenting tuns, 215. 

1'ermcnts, Aerobic, 205 ; Anaerobic, 

| 205; Organised, ‘204; Organised, 

classified, 204 ; Typical effects of, 
204 ; Undfguidsod, 204. 

Ferric chloride as an oxidant, 324. 

Ferric oxide, 384; Caustieising soda. 
*isli by fusion with, 52; purifier 
for coal gas, 73. 

Ferrie\^nide, Potassium, 462. 

v*"»Tieyanidcs us oxidants, 363. 

Ferrite, podium, 52. 

ytrro^vanide, Potassium. 4fJ. 

^err^us acetate, Use of, in dyefyg, 

,, chloride as a carrier in re¬ 
ducing nitrobenzene, 304. 
* »* jbioijiite, 447- * • 
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Ferrous sulphate. Manufacture of, 
450; Use of, in dyeing, 
352; Uses of, 450. 

Fibre, Bast, 270, 280. 

,, Cotton, 278; Analysis of, 279; 

Structure of, 278. 

,, Flax, 279; Analysis of, 279. 

,, Hemp, 280. 

„ Silk. 277 ; Behaviour of, to 
reagents, 277 ; Specific gra¬ 
vity of, 278. 

,, Wool, 275; Analysis of, 276; 
Properties of, 276 ; Specific 
gravity of, 277. 

Fibres, Animal, distinguished from 
vegetable, 277. 

,, Mineral. 281; Relation of, to 
dyestuffs, 290. * 

,, Textile, 275; length of, 275. 
Fibrin, 207. 

Fibroin, 277. 

FirUH iudica , 259. 

“ Fifty per cent, benzol,” 88. 

“ Figging” in soft soap, 266. 

Filling materials for soap, 265. 

B’ilter press, 182. 

Filter, Taylor’s, 192. 

Filtration, Twill bags for sugar, 
192. 

Fining beer, Isinglass for, 219. 

“ Finings” for beer, 219. 

Finishing beer, 219; processes in 
tanning, 416. 

Firebricks, 158. 

Fireclay, Analysis of, 158; Dinas, 
157. 

Fireclays, 157. 

Firing gas retorts, Percentage of 
coko needed for, 67. 

First jet sugar, 187. 

,First runnings from coal tar, 87. 
Fisetin, 846. 

“ Fishing salt,” 25. 

Fish-tail burner, 78. 

Fission of yeast, 215. 

Fitted soap, 265. » ’ 

“ Fixed ammonia,” 58; in gas liquor, 
84. 

Fixing tannin in leather, 417. 

Flame, Air-gas, 79. 

Flashed glass, 172. { 

Flashing point, close test, 181 
kerosene, 181 ; open test, 131. j; 

“ Flare Jime,” 139. “ 

h^Vaniline, 384. 1 4 ^ 

Flaveo8ine, 888. 

Flavin, 846. 

Flavopurourin, 300. 

Flavourings, 258. v 


Flax, 279; “ Breaking,” 279; colder 
than cotton, 280; compared with 
cotton, 280. 

Flax fibre, 279; Analysis of. 279. 

Flax, Tensile strength of. 280 ; 
“Heckling,” 279; “ Retted,” 279; 

“ Retting, 279; “Rippling,” 279; 
“Scutching.” 279; Seed, 249; 
“Staple” of, 280; Structure of, 
279. 

Flint glass, 172. 

Flooring barley, 206. 

Flour, Application of, in tanning, 
418; Saltpetre, 424. 

“Flowers of madder,” 299; of 
sulphur, 2. 

Fluorescein, 812 ; Chlorinated, 814 ; 

Preparation of, 813. j 

Fluoride. Antimony, 358 ; Chromic, 
852; Chromium, as a mordant,360; 
Sodium, as an antiseptic for beer, 

2ft; 

Fluorindines, 384. 

Food, Lard as, 254; Oils for, 218, 
249, 251. 

Fore-shots, 227. 

Forge scale, 172. 

Form aid ehy do, 892. 

Formaline, 592. 

Formic acid, 442 ; for bating, 409. 
Fortified wines, 223. 

Foul main, 71. 

Fourners burner, 79. 

Fractionation of crude benzol, 88; 
of whiskey, 226. 

“ Free ammonia,” 53 ; in gas liquor, 
84. 

I Freezing, Concentration of glycerin 
by, 273; Purification of benzene 
^ by, 88. 

French process of making white lead, 
372. 

1 French turpentine, 257. 

, Frit, Porcelain, 161. 1 

“ Flatting,” 161. 

Fritts, Lead, 163. 

| Frizz, ( 405. 

Frothing prevented in whiskey stills v 
by soap, 226. 

j Fruit, Oils won fi>>m, 254; sugar, 
196. 


FuchsUie, 306. <, r . 

Full blt^ach, 286. 

Fulmii* te of mere ivy, 433. 

Fungi, ’204. 

Furfural in brandy, 225. 

Fusees, *438. 

Fusel oil, 2ll, 227 f Analysis of, 233; 
Content of. In crude spirit. 233; 




INDEX. 


487 


from beet, 233; from brandy mare, 
233; from grain, 233; from 
potatoes, 233; in whiskey, 227 ; 
Removal of, from crude spirit, 
232; removed from spirit by oxida- 
tion, 232. 

Fustet wood, 34G. 

Fustic, 34G. 

Fustin, 346. 


Galactose, 176. 1 

Galena, Lead sulphate manufacture* 1 
from, 373. 1 

Gall and West-Knight process, 89. < 

(lallein, 314. 1 

{xalli <• acid, 397; Application of, 315. 
Gallipoli oil, 247- 
Gall-nuts, 397. 

Galloeyanin, 327- 
Gallollavine, 359. 

Gallo-tannic acid. 397. 

Galls, Acorn, 397 ; Bassorah, 397 ; 
Black, 397; Blue, 397; Chinese, 
397 ; English, 397 ; Extraction of 
tannin from, 397 ; -Iapane.se, 39< ; 
Levant, 397 ; Oak, 397 ; White, 
397. 

Gall-tannin, Us * in dyeing, 3;>3. 
Gambier, 347, 400, 415; Block, 400; 
Cube, 400. 

Gam bine, 359; K, 321; Y, 321. 
Gamboge, 259. 

Gambogic acid, 259. 

“Garancin,” 299. 

Gas, Analysis of natural, 128; of 
wood, 105. 

Gas and air, Explosive, mixture of. *9. 
Gas and coke, Influence of composi¬ 
tion of gas coals on yield of, 66. 

Gas burner, Incandescence, 79. ! 

Gas burners, Typical, 78. 

Gts burnt in different burners, 
Heating effect of, 80; Illuninating 
effect of, 80. . u , , 

Gas, Candle power of canned, 81 ; ol 
coal, 76; carbon, 70 ; <">als (see 
Coal*. Gas); coke, 92; Energy 
absorbed in proiimtion of water, 
81; enriching (see Enriching ya*). 
Gas Aram bone distillation, L15\ 
from coal, Yields of, J5, from 
shale distillation, 113. ^ 

Gas, Generator, 81. Q m* 

Gas liquor, 84 Analyst* *T; 

Fixed ammonia in. 84, rree am- 
monia^in, 84* Kero very ofaulnhur 
from, 85 ; Valuation of, 8o. 


| Gas making, Air condenser for, 71 ; 
“Cracking” of hydrocarbons in, 
70; Plant for, 71. 

Gas, Manufacture of water, 81. 

Gas, Oil, 84 ; Candle power of, 84; 

“ Hydrocarbon ” from, 84; Pintach 
system for, 84 ; Yield of, per gal¬ 
lon of oil, 84. 

Gas, Oil water, Composition of, 82 ; 
Solar oil for, 81. 

Gas producer, 81; for retort furnace, 

68 . 

Gas production, Carbonising in 
I retorts for, 67. 

* >as purification,\\ eldon mud for, 75. 
(las purifiers, 73; Arrangement of, 74. 
Gas retort, Dimensions of, 67 ; 

furnace, 67. 

Gas retorts. Charging, 69; Drawing, 
69; Mechanical charging of, 69 ; 
Percentage of coal needed for 
firing, 67 ; Process of distillation 
in, 69. 

; Gas, Statutory limit for ammonia in, 
j in London, 85 ; supplied to Scotch 
f towns. Composition of, 81. 

; (las washer, 73. 

(las, Yield of, from gas coals, 69. 
Gaseous products from coal, Energy 
value of, 82. 

; Gases, Absorption of, by rliareoal, 
102; in coal gas, non-illuminant 
combustible, 78. 

Gasolene, 130; from shale distilla¬ 
tion, 113. 

(in ulthrria jmicumham, 258. 

,f Gay-Lussac lower. 8: Function of, 
14; Sulplmri*' arid for, 14. 

). Gelatine, Artificial silk from, 278; 
i- Blasting, 432 ; Characters of, 420 ; 
Composition of, 4*20 ; Drying, 420; 
dynamite, 432 ; glue and si/e, 4rJ; 
• Manufacture of, 420; Properties 
K> of, 392; Ultimate coufposition of, 
ig 392. 

Gelatinis#ti<jji of starch, 202. 
tif Gemmation of yeast, 215. 
m Gems, Artificial, 172. 
ry General manure, Definition of, 116; 
r, * 124. 

i). Gen orator gas, 81. 

)« Gentian, a Imp substitute, 210. 
mP ierman method of making white 
lea«t, 371. 

« Geftnan spirit. 231. 
f; | (Itrmieides, 450. 
n- (termination, Chemistry of, 207- 
urlGerm of maize removed, 201. 

• j Gin, 2*3J7; Content of alcHio^in, 230 
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Flavouring matters for, 230; Ply- Glucosan 196 
* . —__i o<m i filiir.rtsft. Comr 


flavouring 

mouth, 230 ; Sweetened, 230. 
Ginger-beer, Composition of, 2-4. 
Ginger beer plant, 224. 


Glucose, Commercial, 196. 
! Glucoses, 196. 

! Glucosides, 258. 


Glass I 'l61 C '' ^\olion~of solutions on, I Glued^naterrals, Mechanical strength 

GlU Manufacture of, 420, S„ k , 

f 7 v nl Bomk>’ mf Cobalt, 173 ;!Glues, Liquid, 421. 

J7\ ’ i . 7 .). Colouring 172 ; I Glutamine in beet juice, 179. 

Colour of corseted. 165 ; Lab us-! Gluten recovered in sta, olwnanufao- 

tion tubing, Keason "-Huyi «S, 1 Loh separated from, by 
character o , 1 /J, Grown 1 >. 30( , starch K-pora- 


ULBH, nuww* - ’ 

caustic soda, 200; Starch separa¬ 
ted from, by fermentation, 200 . 


cnaraecei ui, i 1 -’ ’ 

Cut, 172; Devitrification of, 170, 

Electrical molting of, 109; etching, i X.i () 

174- etching, Hydrofluoric acid Glycerides, 239. 
for, 174, 439 f Flashed, 172; Flint, | Glycerin 2i2 ; Boiling 
172; Fluorescent, 173; for thermo- (.oncontrctum of, V 
meters, 174; furnace, 1117, 1 OH; 

• gall, Uih; Green, 173; “ Harden 
ing,” 170; Highly refractive, 1,4; 

Influence of composition on index 

of refraction of, 175 ; ° { f I (Uy ' c * ryl 039 . arachidate, 248 ; 


MLg point of, 273; 

Concentration of, by freezing, % 
Dialysis of, 273; produced during 
fermentation, 217 ; Recovery of, 

273 ; Recovery of, from soap lyes, 
266; Refining of, 273; Uses of, 

274 


165; Lime for, 165; Limits of 
composition of, 164; makers’soap, 
165 ; Manufacture of, 168 ; Opal, 
172, 174; Orange, 173 ; Oxide of 
iridium pigment for, 174j Oxide of 
uranium pigment for, 173 ; Faint¬ 
ing on, 174; Plate, 170; Platinum 
pigment for, 174; -pot, 167 
“Potash,” 171; -pot. Lead, w- 
Properties of, 175; Quartz, 1/4 
Raw materials for, 164; Red, 17‘~ 
Ruby, 173; Selenium, 173; Siemens 
toughened, 170; Silica for, 164; 
“ Soda ” 171; Sodium sulphate for 
making, 29: Soluble, 155; Stannic 
cliremato pigment for, 174 ; stills, 
‘Concentration of vitriol in, 1/; 
Thallium, 174; Toughened, 170; 
Uranium;* 173 ; Use of oxygen in 
making, 169 ; vessels rendered re¬ 
sistant by steaming,' 1 75 ; Violet, 
178 ; Water, 155; wool, 281 ; 
Yellow, 173. 


252 ; 
255 ; 


iso-linoleate, 250 ; laurate, 
linoleatc, 250 ; myristate. 
olrato, 239, 240, 242, 244, 24S, 249, 

•>-)3 254; oleo-palmito-butyrate, 

254’; palmiiate, 239, 240, 243, 248, 
252; physetoleate, 255; rioinole- 
•itc 251; salts, Oils not containing, 

244 ; stearate. 239, 241, 253 ; sul¬ 
phuric acid, 271; trinitrate, 430. 
Glycoooll, 445. 

Gulden sulphide of antimony, 261. 
Gold-lined stills for vitriol, 17. 
Goldschmidt’s process, 442. 

(,'<mypium , 249, 278. 

“Graduation towers,” 26. 

Grain of leather, 391 ; Artificial, 
417. 

Grain, Fusel oil from, 233. 

Graining hides, 412. 

Grain-Hc, 259. 

Grains, Analysis of distillers , 226. 
Gran ilia, 348. 

Granite, 156. 


. ,.70 uraim-w, uw. 

453 ; use of, in dye- 


ing, 356. 

Ghv/cs, Coloured, 161 ; for ejr.hen- 
ware, 162; Leadless, 163; tor 
porcelain, 161; for stoneware, 162 
Glazing gunpowder, Graphite for, 
4?^ ’ 


(C* azing, Salt, 162. 
Glove-kid, 413. 


vyraiiuiai-iuii -. ’ r , . 

(•rape, Brandy, 225 ; 'juice, Analysis 
of, 221 ; juice, Fermentation of, 
222 . ’ 

Grapes, Changes in, during ripening, 

| 221 ; Malic acid in,''221 ; Tartaric 


221 ; ftJincacm m, 

- acid in, -21 ; Treatment of, for red 
w’ne.221 ; Treatment of, for white 
wine, 221 . 
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i as textile fibres, *280. 

“ Graves,” 253. 

Green pigments, .STD- 
Green vitriol, 4,TO. 

Greens containing copper, SSI). 

Groy acetate of lime, 103. 104. 

Grey sour, 285. 

Grist, 211. 

Ground nut oil, 24S. 

“Ground” paint, 3S7. 

“Ground” white lead. 373. 

Guaiacol, 103. 

Guano, Nitrogenous, 123 ; Pirns- ; 

phatic, 125. 

Guignot’s green, 380. 

Gum benzoin, 250 ; British, 203. 

Gum resins, 250, 258. 

Gums, 200. 

Gumming of rape oil, 248. 

Gun cotton, 427 ; Detonation of, 420: j 
Equation for explosion of, 420 ; 
Gas produced by explosion of, 420; j 
Manufacture of, 128; Koconver-j 
sion of, into cellulose, 420; Solu- i 
hility of. 429: Sp<eitie gravity of, ; 
420; Thermal effect of, 420. 
Gunpowder, 424 ; Analysis of char¬ 
coal for, 425; Apparent density of, 
427 ; Character of explosion of, 
420 ; Charcoa 1 for, *25 ; *• ( 'ocoa, ! ' 

426 ; Equation for explosion of, 

427 ; Exploding temperature of. 
427 ; Gas produced in explosion of, 
427; Granulation of, 42b; Gra 
phite for glazing, 420 ; Meal, 420 ; 
Mining, 420 ; Debbie, 420 ; Dress- 
cake, 420 ; Dressure produced in 
explosion of, 427 ; Drismalio, 420; 
Rapidity of qxplosion of, 427 ; 
smoke, 427 ; Smok* less. 427 ; 
Sulphur for, 425 ; r l hernial client 
of, 427. 

Guttapercha, 202. • 

Gifttmann’s nitric acid condenser, 
10 , 11 . • 
Guttmann’s, Webb and. process, 1/. 
Gypsum, 142 ; as a loading material, 
*305; in Dortl.ind <eme»?t, 153; 
for vine dressing, 221 . 


H 

H /EM ATKIN. 344; Iso-, 345. 
Hajniatitc, 384. • 

Haimatoxylin, 34 < 

Hcematoxylon vnv/x.cMauum, 344. 
Hair, Structured, 273. 

Half bleach, 287. * 


i Halogens, 458. 

• Handlers. 411. 

! Handling hides. 405, 411. 
Hank-dyeing. 350. 

Ilareourt's standard lamp, 70. 

, Hard pitch, 02. 

| Hard water, Objections lo, in 
i tanneries, 305. 
i Hargreaves-bird process, 58, 

! Hargreaves chlorate process, 48. 

,, salt cake process, 28. 

: 1 leatingelb vt .if gas burnt in different 
burners, SO. 

' Heavy spar, 457. 

: •* Heckling " ilax, 270. 

Hclianthin, 203. 

! I lellhoflile, 433. 

Hemlock bark, 400. 

' Hemp, 280; bleaching. 2S8. 

| Hemp fibre, 280; Analysis of, 280 j 
Tensile strength "f, 280. 

Henderson retort for shale distilla¬ 
tion, 107, 108. 

Hermito process, 280. 

Hemnauu's process, 340. 

Hcveenc, 2(i0. 

IIcxametbylpararosaniline, 300. 
Hexane, 1.40. 

Hexanitrodiplionyl.iminr. 202 . 

Hido substance. Ultimate, composi- 
1 ion of, 30 *. 

Hides, Absorption of tannin by, 418 ; 
Analysis of, 303 : and skins, 
(Quality of, 303; Breaking, 405; 
Butt of, 4»7 : < -leansing ami soften¬ 
ing, 404 ; Defects in, 304 ; defined, 
303 ; Dry-salted, 304 : Green- 
salted, 301; 1 1 and ling, 405; Liming, 
405 ; Market,, 404 ; Oflal of, 407 ; 
Daek of, 400 ; Dlumpe.d, 405 ; 
“ Humping ” of, 303, 305; Round¬ 
ing, 407 ; Scudding, 407 ; Nliavefi, 
1 J2; Soaking. 404 ; Sweat ing, 407; 
Trimming, 407 ; Unhafring, 405; 
White arsenic for curing, 304. 
Hippuric freid. 445. 

Hock, 223. m 
Hoffmann's kiln, 147. 

Hollands, 230. 

j Tlollv, Bird-lime from, 256. 

Honey, 108 ; comb, 250 ; Factitious, 
'■ 107. 


I’f'oofs and horns as manure, D23. 
| nop substitutes, 210. 

* Hojfeine in hops, 209. 

! “ Hop-backs,” 213. 

| Hoy) flour, 209; meal, 209. 
Hopper salt.,” 25. 


i iloyjs, 2J)9; “ Sulphuring!? 2J0. 
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Horns and hoofs as manure, 123. 
Horse-chestnuts, 202. 

Horse fat, 244. 

Hot press, Oil from, 243. 

“Household” soaps, 267- 
fluile tovmanfe, 301 
HumuLus lufjulii8, 209. 

Hyaline layer, 391. 

Hy<lrindigotin, 339, 342. 
“Hydrocarbon” from oil gas, 84. 
Hydrocarbons, “Cracking” of, in 

gas-making, 70. 

Hydrochloric acid, 29; from hydro 
gen and chlorine, 63; Impurities 
in, 30; in chimney gases, 29 ; 
Manufacturing yield of, 29. 
Hydrocyanic acid, 258. 

11 ydro-oxtractor, 1/8. 

Hydrofcrrocyanie acid, 37 1 . 

Hydrotluoric acid, 439; as an anti¬ 
septic, 439 ; Bottles for, 439 ; for 
etching glass, 174, 439; Manufac¬ 
ture of, 439 ; Use of, in sugar 
refining, 439. 

Hydrogen peroxide, 457 ; Bleaching 
by, 283, 284. 

Hydrolysis, 204; of fats, 269; of fats 
and oils, 240; of fats by steam, 

270 ; of fats by sulphuric acid, 

271 ; of waxes, 241. 

Hydrosulphite vat for dyeing with 

indigo. 343. 

Hydrosulphurous acid for sugar puri¬ 
fication, 133. 

Hydroxyoleic acid, 252. 
Hydroxyanthraquinonc, 299. 
Hydroxyazo-dyestuffs, Formation of, 

295. 

Hydroxystoaric acid, 271. 

Hydroxytolunaphthazine, 318. 
Hygroscopic character of wool, 2/o. 
/fymmua, 259. 

Hypochlorites, 61. 

Hypogteato, Glyceryl, 24S. 


I 


Idrian process for making vermilion, 
384. 

IIicy 1 alcohol, 256. t* 

palmilate, 256. 

lllipe oil, 243. 1 

llluminants in coal gas, <8. 
lllun/aatuig effect of gas burn, in 
_ „ different burners, uO. 

*\, , Oils, 248, 249, 251,252, 

256. 

»»„ 4* power of coal g$s, 78. 


I Illuminating value of acetylene, 83. 
Immcdial black, 338. 

Incandescence gas burner, 79. 
jlndumine, 318. 

Indamines, 322. 

Indian red, 384. 

,, yellow, 387. 

Indiarubber, 260. 

Indican, Hydrolysis of, 339. 

Indicator for alkalimetry, 293 
Indicators, 296, 312, 314, 321, 346, 
347- 

Tndigluoin, 339. 

Indigo, 339 ; Artificial, 340. 
brown, 340. 
carmine, 344. 

Cause of fastness of, 342. 
Composition of. 339. j 

Copperas vat for dyeing with, 
342. 

disulphonic acid, 344. 

Dyeing with, 342. 

Dyestuff similar to, 301. 
extract, 343. 

,, Purple, 344. 
gluten, 340. 

Hydrosulphite vat for dyeing 
with, 343. 

monosulphonic acid, 344. 
Printing with, 344. 

Reduced, 342. 

Reducing agents for, 340. 
Solvents for, 340. 
substitute, 301, 323, 333. 
sulphonic acids, Preparation 
of, 343. 

Synthesis of, 340. 
vat. Dyeing with, 342. 
i " white, 340. 

| Woad vat for dyeing with, 

i ,, Yield of, 340. 

\faidiyofcra argenteit, 339. 
j ,, (inctoria, 339. ' 

i Indigc^in, Properties of, 340 ; Syn¬ 
thesis of, 341. 
j Indirubin, 340, 341. 

Indophefuol, 323 ; Application of, 
356; Commercial, 323. 
Indophcnols, 322/ a 
Induiine, 307. 

' Indjiline.B, 333. r t , 

,, 3 B, 333. 

,, 6 B, 333. f) 

,, ulenzene, 331. 

ljdulines, 331 ; Manufacture of, 
332 ; Soluble, 333. 

Ingrain colours, 296, ?56; Developers 
i for. 354 ; Dyeing with, 354. 
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Ingrain dyeing, Advantage of, 2id 
Methods of, 296. 

Ink, Printing, 251. 

Inks, Lithographic, 259 ; lied, 314. 
Insecticide, Naphthalene as an, 395. 
Inulin, 197. 

Invert augur, 197 ; Laivulose sopar-; 
ated from, 197. 

Invertuse, 204, 216. ! 

Iodine, 459 ; absorption, 241 ; Ap¬ 
plication of, 314 ; Extraction ot, 
from caliche, 459 ; number, 241 ; 
Uses of, 460. 

Iridium oxide, pigment for glass, 
174 ; for black glass, 174. 

Iron bull, 349. 

,, liquor, 104. 

M ,, Use of, in dyeing, 355. 

,, mordants, 352. 

,, pigments, 3St. 

,, Pyrulignile of, 105. 

,, Red oxide of, 364. 

,, tanning, 414. 

,, Use of, in reducing nitroben¬ 
zene, 304. 

I satin, 340 ; yellow, 329. 
Isilinanilidc, 341. 

Jsitti* thictnria , 339. 

Isinglass, 421 ; for filing beer, 219. 
Iso-amyl cyanine, 335. 

Iso-butyl alcohol, 233. 

Iso-ehoicsterol, 276. 

Iso-chromatic photographic plates, 
336. ' 

Iso- dulcitol, 346. 

Iso-hiematcin, 345. 
fso-linoleate, Ulyceryl, 250. 
Iso-linolcnic acid, 239. 

scries of acids, 213. 
Isonavdra i/ntta , 262. 

Iso-oleic acid, 271. 272. 

Iso-pa rallies as lubricating oils, 111. 
Isoprene, 260. • 

tso-propyl alcohol. 233. 

Iso purpurin, 300. 

Iso-quinoline, 335. 

Iso ricinoleic acid, 239. 
Iso-rosindulines, 332. 

Ivory black, 336. 


Janus dyestuffs, 294. 

„ »*ed, 294. 

Japan black, 97' 
wax,\243. 
Jelly, gtarch#20'4 
Jet photometer, '71. 


Jet sugar, 186. 
j Johnson’s powder, 430. 

! Juniper, 230. 

.Into, 2S0 ; bleaching, 2S7 ; dyeing, 
360 ; lihre, 280 ; lihre, Analysis of, 
2S0 ; Staple of, 280. 


K 

K.visjt, 124, 210, 452. 

Kalkstickstoll’, 460. 

Kaolin, 156 ; as a loading material, 
365 ; Fusibility related to com¬ 
position of, 157 ; Zottlit/., 156. 
Kami, 260. 

“ Keg lard," 254. 

Kelp, 459. 

Keratin, 275. 

Keratins, 391. 

Kermes, 349. 

Kern burner, 79. 

Kerosene, 131 ; Flushing point, of, 
132; Shale, 106; Standard white, 
131 ; Wafer whit* 1 , 131. 

Khaki, 319. 

Kid, 413. 

Kier, 284. 

Kiel's, 366. 

Kicselguhr, 431; Specific heat.of,432. 
Kieserite, 152 ; Work, 453. 

Kiln, (-luiis, 38; lMl'inaim's, 147; 
j Pipe, 193; Ring, 147; Rotatory, 

] 147. 

Kilns, (lenient, 14(5; Diebweh, 146; 
i for earthenware, 163; Lime, 139: 
Malt, 206 ; Rotatory cement, 148; 
Stage, 116. 

King's yellow, 382. 

Kips, Arsenic, 394 ; defined, 393; 
Last India, 394. 

Knapp’s theory of the coloui* of 
ultramarine, 376. 

Knoppern, 397. 

L 

Lacoainio acid, 349. 

Lac-dye, 259, 349. 

Lag, drain, 259; Seed, 2->9; Sholl* 
259 ; Stick, 259. 

Lacinoid, 321. 

* Lacquers, 259. 

IJlctate, Antimony, 444^ 
tactic acid, 444; Ethylidenu, 
from whiskey '-tills, 226; Uses^al, 
! 409, 414 

I Lactic bacillus, 444. 
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Lactose, 195. 

Laevopinene, 257. 

Lfevulose, 197 ; separated from invert 
sugar, 197; Sweetening power of, 
197. 

Lager beer, 215 ; Pilsener, 220. 

Lake, Colour, 351 ; Magenta, 387 ; 
“pitch,” 134. 

Lakes, Crimson, 348 ; Pigment, 
387. 

Lamp black, 386. 

“Land phosphate,” 117. 

"Land pitch,” 131. 

Lanolin, '276 ; Emulsifying power of, 
276. 


391, 410 ; Curried. 412; Currying, 
417 ; Dongola, 414 ; Dressed, 41*2; 
Dressing, 412; Oils for, 253, 255, 
256; Drying, 416; Dyeing, 417; 
Enamelled, 418 ; Fixing tannin in, 
41S ; for dressing, Tanning of, 412; 
for dyeing, 412 ; for soles, Tanning 
of, 409 ; Crain of, 391; Heavy, 
394; Japanned, 418; Light, 394; 
Morocco, 412 ; Latent, 418 ; Russia, 
417 ; Scouring, 417 ; Shammy, 415; 
Striking t he colour of, 410; Stuffed, 
417 ; Wash, 415 : White, 413 ; 
Whitening, 417 ; Yield of, 417- 
Leathers, Content of tannin in, 


Lanuginic acid, 290. 

Lapis lazuli, 376. 

Lard, 244, 253; Adulterations of, 
254; as food, 254; “Bladder,” 
254; Cotton seed oil, an adulterant 
of, 254; Imitation, 249; “Keg,"; 
254 ; oil, 244, 254; oil group of 1 
oils, 244 ; Properties of, 254. 
Latches, 402. 

Laurate, (Jlyceryl, 252. 

Laurel oil, 243. 

Laurie acid, 243. 

Lauth’s violet, 323. 

Leaches, 402 

Lead, Antimoniatc, 383 ; Brown j 
sugar of, 105; Caledonian white, 
374 ; Chlorosulphile of, 374. 

Lead chromate, 381 ; Basic, 382 ; j 
basic, Dyeing with, 349; Dyeing 
with, 349. 

Load for vitriol chambers, 7. 

,, fritts, 163. 

,, fume, Composition of, 373. 

,, glass, 171. 

,, glass-pot, 172. 

,, oxide for gl.iss, 165. 

oxide, Preparation of, 383. 

,, pans, Concentration of vitriol 
in, H‘. 

,, plaster, 67. 

,, Quality of, for vitriol pans, 16. 
„ Red, 383. ' 

„ soap, 267. 

„ suboxide, 373. 

,, sulphate, 382. 

„ sulphate, Manufacture of, from 
galetu, 373. 

,, thiosulphate, 437. 

White, 370. ♦ , 

Leadlera gl&zes, 163. ( 

L^atlkr, 389 : Adult (‘rations of, 41 ft 
I analysis of sole. 416; Artificial 
grain on, 417 ; Chamois, 415 ; 
Charac^ter^ f good, 416; Colour of, 


419. 

Leblanc process, 24. 

,, soda ash, Apparent density, 
of, 52. 

fyccanora tart'iron, 347. 

Lees, Spent, 227. 

Lemon, Oil of, 25S; Salts of, 443; 
yollow, 382. 

Lepidines, 335. 

“ Letting down ” a pigment , 382. 

Leueiiuligo, 342. 

Leueo-compounds explained, 342. 

Leucometliylene bine, 325. 

Levigated chalk, 375. 

Lovigation, 388. 

Ley-boil, 285. 

Lichen colouring matters, 347. 

Lignin, 280. 

Ligno-cellulose, 280. 

Ligroin, 130. 

Lima-wood, 345. 

Lime, 140; Air-slaked, 141; Bird-, 
256 ; Bird-, from holly, 256 ; Blue 
lias, 143; -boil, 285 ; -bowk, 285; 
Brown acetate of, 103, 104 ; burn¬ 
ing. Principles of, 138; Dead 
burnt, 141; “Fat,” 138, 141; 

Flare,” 139; for glass, 165; Drey 
acetate of, 103, 104; Hydraulic, 
1^’3; jckiln gases, Carbon dioxide 
in, 51 ; kilns, Typical, 138; Over- 
burnt, 141; pits, 406; “Poor,” 
138, 14F-, Purification of beet juice 
by, 181 ; purifier. Action of, on 

' coal gas, 74; .Saponification by, 
270; Slaked, 141; Slaking of, 141; 

j Solubility of, 141; soui\ .285; 
Sources of phosphate of, 117 : 

I specks, 405; Sugar rfpovered from 

1 . molassestby, 188; used in coal 
instillation, 70. 

Limestone, 137 ; Analysis of, 137. 

Limestone, Analysis »f blue lias, 

'*143; of hydraulic, 137; of lime 
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from blue lias, 143; of magnesian, 
137 ; of Thoil, 143. 

Limestone, lilue lias. 137 ; Cheiuis 
try of burning hydraulic, HI; 
Dolomitie, 137 ; for alkali inanu- • 
faoture, 20; Theil, 143. 

Liming hides, 403. 

Limoneno, this. 

Linen-bleaching, 280. 
l.inoleate, (Uyeeryl, *250. 

Linoleic acid, ‘230. 

,, series of acids, *243. 

Linolenic acid, 230. 

,, series of acids, 243. 
Linoleum, Oils used for. 231. 

Lirioxyn, 250. 

Linum uxitntiifiMHin, *270. 

Linseed oil, 243, 249 ; Adulteration 
of boiled, 251 ; Baltic, 250; cake 
as fodder, 250; Calcutta, 250; 
Chemistry of drying of. 250 ; Last 
Indian, 250; tirades of, 250; 
group of oils, 243; Oxidation of. J 
250; Preparation of boiled, 250;; 
Properties of, 250 ; Properties of' 
boiled, 250; Haw, 250. 

Lintner's standard of diastatio 
power, 20S. 

Liqueurs, 233. 

Liquid oxygen for explosive*. 433. 
Litharge as a drier, 250. 

Lithographic inks, 259. 

Lithopone, 375. 

Litmus, 347. 

Lixiviation of black ash, 32. 

Loading materials for paper, 305; 

for rubber, 201. 

Loaf sugar, 194. 

London deep-well water, 210. 

,, gas, Statutory limit for am- i 
tmmia in, 85. 

Ijogwood, 344, 355; “Ageing” of. 
344 ; Colours yielded by, wity 
different mordants, 345. (J . 

“Low wines,” 220. * 

Lubricants, Mineral, renderld vis¬ 
cous* 251 ; Rosin grease tor, 259. 
Lubricating oils. 248, 249, jJ5l, 253, 
255; from Russian petroleum, 133 : 
Iso-paraffins in, 411. 

Lucifer match®*, 430 
Lunge's bleaching process, 28(k 

kupu'aP -3J9. * * 

Lupulin, 209. 

Lupulun hi'ui'irtiH, 209. , 

Luteolin, 340. 4 

Lyddite. 433. * 

Lye, Spent, from BOAft works, 26G. 
Lysol, 6% * » 


M 

Mach inert oil, 133. *• 

Maetear process for alkali was to. 39. 

M act car's salt rake furnace, 2S. 

Madder, 299 ; bleach, 284. 

Madeira, 223. 

Magdala red, 320. 

Magenta, 300, 355 ; Acid, 307, 357 ; 
base, 307 : Dyeing properties of, 
307 ; lake, 387 ; Preparation of, 
300 ; Yield of, 307. 

Magnesia for hydrolysis, 270. 

,, in Portland cement, 153. 

,, .Silicate of, 2Sl. 

Magnesian limestone, Analysis of, 

137. 

Magnesium bisulphite, 0; for making 
wood pulp, 308. 

,, chloride, Kleetrolysis of, 

280. 

,, hypochlorite, 280. 

,, tnangauile, 44. 

,, silicate,, as a loading 

material, 305. 

Magnetic separator, 211. 

Main, Foul, 71 ; Hydraulic, 71. 

Maize, germ cake as fodder, 249. 

,, ,, of, removed. 201. 

Maize oil. 243, 249; Properties of, 
249 ; Yield of, 249. 

Maize, Spirit from, 231; starch, 201; 
Starch extracted from, 201. 

Malachite green, 381. 

Malic acid in grapes, 221. 

Mall, 2t»5; adjuncts, 209; Analysis 
of, 207; Coke for drying, 200; 
Diastatio power of, 208 ; Drying, 
for whiskey, 225; (Ireen, 20b; 
(Grinding, 211 ; High-dried, 206; 
kilns, 200 ; Mashing, for whiskey, 
220; Medium, 200; Roast>n *of 
mealiness of, 208; Slack, 207 ; 
Screening, 207; scroop, “Water¬ 
fall,” 207 ; vinegar, 237 ; Vinegar 
from, 230 ; vinegar, White, 238. 

Malted 4>ujiey, “ Mealiness” of, 
205. 

Mailing, 205; Barley for, 207; 

i Character of barley for, 205; 
Chemistry of, 207; difficult in 
sufbmer, 200; Pneumatic, 206; 
Salad in system of, 200. 

Malnylextrin, 212. 

Ma^oso, 195, 212. •* k 

M*>nganatcs, 44S, % 

Manganese, “Available oxygen” ftk 
40; borate as a drier, 250; browif, 

• Dyeing with, 349; dj oxide foi* 
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purifying spirit, 232; dioxide in Mauve, 320. 
soap, 266. I Mauveine, 320. 

“Manganese,” Valuation of, 40; Mechanical charging of gas retorts, 
Weldon recovery process for, 42. 69. 

Mmigunilc, Calcium, 42; Magne-Mechanicals,” 262. 

sium, 44 ; Manganous, 42. ! Meilers, Charcoal burning in, 98. 

Manganous liorate, 250. ! Melanin, 387. 

,, manganite, 42. j Meldola’s blue, 326, 355. 

Manioc, 202. ' Melinite, 433. 

Mantles, Welsbach, 79. i Molissic acid, 256. 

Manure, Ammonium sulphate as, Menhaden as manure, 126. 

122; licet sugar sludge as a. 183 ; ,, oil, 244, 256. 

Hones for, 121; Definition of, 116; Mercerising, 286. 

Dried blood as, 123; Drier for, Mercuric fulminate. 433. 

119: Farmyard, 124; from calcium j „ iodide, 384. 

carbide, 460; General definition I ,, sulphide, 383. 

of, 116, 124 ; Horns and hoofs as, j Mercurous chromate, 380. 

123; Rape cake as. 126,248; salts, i Mercury for electrolytic processes, 59. 
85; Sewage as, 125; Shoddy as, •“ Metal,” 169. c 

123 ; Sodium nitrate as, 122 ; soot 1 Mctalopsis. 314. 
as, 122; Water from starch fac- Metaphenylencdiamine, Formula for, 
torv as, 200; Wood ashes as, 124. I 293. 

Ma nures, ■*< Irass,” 1 IS; Nitrogenous. Metaphosphoric acid, 435, 442. 

122; Organic nitrogenous, 123; Metatoluylencdiamine, 318. 
I’hoHphatie, 116 ; I’otash, 124 ; Methyl alcohol, 103. 

Kate of assimilation of phosphatic, | ,, chloride, 455. 

121 ; Special, 116. j „ orange, 293. 

Maple sugar. 191. ,, pyridine, 115. 

Mnrnuht aruudinacea, 202. ! ,, quinonedi-imide inethoehlor- 

.Marble. 157. ide, 325. 

Mare, 221 ; Fusel oil from brandy, salicylate, 258, 446. 

232; Olive, 247. 1 ,, violet, 308, 355. 

Margarine. 254. Methylated spirit, 234. 

Marine animal oil, 254. Methylation of aniline dyestuffs, 308. 

,, ,, oils, 244. Methyleno blue, 324. 

,, ., ,, Winning of, 240. i ,, violet. 326. 

.. soap, 266. | Methylpararosanilines, 308. 

Market bleach, 284. \ Mica, 156. 

Marl-S Clay. 157. Milk, Cream separated from, 254. 

Martins yellow, 292. Milk sugar, 195 (see Sugar, Milk). 

Masher, Steel’s, 211. Mill-cake gunpowder, 426. 

Mvshkg, 211; and boiling, Influence Milner’s process for making white 
of water on, in brewing, 214; lead, 372. 

Chemistry of, 211; Influence of. Mimosa, 400. t 

temperature on, 212; malt for j Minium, 383. 
whiskey. 225. Minor Chemical manufactures, 439. 

Mash tun, 211. • 1 Mocliyl alcohol, 256. 

Masseeuite, 186, 194. j ., palmitato, 256. 

Massicot, 383. ■ MoSllon, 415. 

Mast ie asphalt, 136. ‘Molasses, 178; Analysis of, 178; 

Matches. 434, 436; Common, 436 ; Beet, 187 (see also lieet molaase *); 
Composition for, 437 ; Extinction For mentation of, 230 ; Minor uses 

of glow of, 437 ; Head composition of, 19! ; Scheibler’s prfo&.s for 
for safety, 437; Lucifer,, 437 j recovery of sugaj. from, 189 ; 
RuU>erecomposition for safety, t Spirit flpm, 230. 

43T r . Safety, 437 ; Waterproofed, glasses, Sugar recovered from, by 
r /437 ; without phosphorus, 437. direct removal of potash, 191; by 

Kather and Platt pro ess, 285. elution, 188 by Jime, 188; by 

Maturing of 4 whiskey. 227. • . osmosis, 187 ; by Steffen’4 •’process. 
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ISO; bystrontia, 189; by Wold's 
process. 191. 

Monazo-eoin pounds defined, 295. 

Mend’s chlorine recovery process, 55. 

Monocalciuin sacclmrate, 189. 

“ Monohvdrate ” sulphuric acid, IS. 

Monosaccharate, Calcium, 1S1. 

Monostrontium saccharate, 190. 

Mordant, Aluminium stilphocyan- 
idc as a. 3fi‘2 ; azo dyestnil's. Ap¬ 
plication of, 35S ; Chromium 
acetate as a, 3G2 ; Chromium 
fluoride as a, 359 ; colours, Dyeing 
silk with, 3l»0; colours. Dyeing 
wool with, 35S ; defined. *289 ; 
dyes, 351 ; dyes, Examples of, 
355 ; dyestuffs, Azo-colours con¬ 
verted into. 35S; Oxidising, 352; 

9 Non-oxidising, 352. 

Mordanting by chlorination, 283. 

Mordants, Acid, 352 ; Aluminium, 
351 ; liasic, 351 ; Chromium, 352; 
Oeneral consideration of, 351 ; 
Iron, 352; Saddening, 351 ; Tin, 
35 J. 

Morin, 340. 

Morocco leather, 412. 

Morphine in hops, 209 

Mortar. 141. 

Murns tinctoria, 345. 

Moselle, 223. 

Mother of vinegar, 235. 

Motor ears, Methylated spirit for, 
235. 

Monids, 204 ; in yeast, 218. 

Mucedin, 20T. 

“Multiple effect,” evaporators, 184, 
307. 

Muriate ot potash, 424. 

M. iriatic acid. 30. 

Muscat-in, 327- 

Must, 221 ; Fermenlion of, 222. 

Mustard oil, 242. 

My coderma anti , 235. 

M^rieyl alcohol, 241. 

,, cerotate, 245. * 

., palmitatc, 241, 245, 250. 

Myristate, Glyceryl, 255. 

Myrobalans, 399. 

Myrtle wax, 243. 


Wood, 104 ; Wood, for denaturing 
alcohol, 234. 

Naphthalene, 90; as an insecticide, 
395 ; blue, 320 ; Boiling point of, 
90; Distillation of, 90 ; Enriching 
gas by, 82: from Hussian petro¬ 
leum. 133; Melting point of, 90; 
red, 320; Specific gravity of, 90; 
Milphonic acid, 40S ; Uses of, 91; 
Yield of, from tar, 90. 

Napht hazariue, 298. 

Naphthenes in Russian petroleum, 
133. 

Napht hindonhenul, 323. 

Napht hitidulim-s, 332. 

Napht hoi black, 290 ; blue, 323 ; 

green, 322 ; yellow, 292, 357. 
Naphthols, Dyck! nils from, 294. 
Naphthoquinone, Formula for, 298. 
Napht hotptinoneoxime. 302. 
'Nuphthoqumoncoximcs. 321. 

Naphthylamine, « , 317. 

Naphthyl hlue, 320; violet. 320. 
Naples yellow. 383. 

Natural gas. Analysis of, 128. 

Neat afoot oil. 2 »4, 253. 

I Neftigil. 134. 

Newlands, see Duncan. 

! Night, bine, 309. 

; Nigbtligbts. Coco - nut oil. 208; 
j “ Stearin,” 208. 
i Nigraniline, 331. 

' Nigrosines, 333. 

\ Nile blue, 327. 

' Ninety per cent." benzol, SS. 

^ Nitrate of iron, Use of, in dyeing, 

I ,, Potassium, from the osmose 

process, 188. 

,, Sodium, as manure, 122; in 

Clover lower, 15; com¬ 
mercial, Analysis of# 121; 
crude, Analysis of, 122; 
crude, Purification of, 
122 . 

Nitrated aromatic hydrocarbons for 
0 smokeless powders, 427. 

I ,, cellulose varnishes, 203. 

,, sugar starch, 430. 

,, wood, 430. 

Nitration of lienzene, 303. 

,0 Process of, 292. 

Nitre, 424 ; -cake, 7 ; Causes of loss 


| of, in vitriol making, 14; pot, 0; 
Nankin yellow*349. . Purification of, 424; Quantity of, 

Naphtha^ Crude, from cyaPta-, 87 uhM in vitriol making, 1? 
from petroleum, 130; “ C NifFic acid, Commercial gra<...n ^ 

110; Mineral, for denaturing aTco-1 12; Condensation of, 10; conden 

hoi, 234^ Solvent shale, 110; j .ser, Guttmann’s, 10; for chlorim 
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making, 45; Impurities in, 12; 
in vitriol making, 15; manufacture, : 
9; still, 11; Uebel’s process of, 11. 

Nitrification, Process of, 123. 

Nitrifying organism, 123. 

Nitrite, Potassium and cobalt, 383. 

Nitro-alizarin, 301. 

Nitrobenzene as an oxidant, 307. 

,, Manufacture of, .'103; 

Properties of, 303; 

Uses of, 303. 

Nitro-colouring matters, Application 
of, 357. 

,, -compounds (dyestuffs), 292. 

,, explosives, 427. 

Nitrogen. Assimilation of, from air, 
124; Distribution of, in coal dis¬ 
tillation, 70; in bones, 121; in 
coal for alkali manufacture, 27 ; in 
shale products, Distribution of, 
113. 

Nitrogenous guano, 125. 

,, manures, 122. 

„ organic manures, 123. 

Nitro-glycorin, 430; Absorbents for,* 
431. 

Nitromonas, 123. 

Nitronaphthalene for deblooming 
oils, 91. 

Nitrophenyllactomethyl ketone, 341 
' Nitroso-dimcthylanilinc as an oxi¬ 
dant, 327. 

Nitrosyl sulphuric acid, 13. 

Nitro-tartaric acid, 329. 

“Nitrous acid.” 10; Use of, in 
making dyestuffs, 293. 

Nitrous vitriol, 15. 

Non-drying oils, 240, 242. 

Non-illuminant eombustible gases in 
coal gas, 78- 

Non-tannins, 390; in tanstufts, Char¬ 
acter of, 397. 

Nordhausen sulphuric acid, 22. 

Nut oils, 248. 


0 . ‘ 

Oak bark, 399. 

„ galls, 397. 

„ reds, 399. 

Ochre, Analysis of Oxford, 3S5.* 
Ochres, 385. 

(Enanthic ether, 223. 

Ohio oils-.Purification of, 13l! 
Oidjfm, 221. 

? Oil, Blue, 111; Cold drawn, 245; 
f t Constituents of crude seed, 245 ; 
A Crude, from shale, 110; Cruds> j 


from shale redistillation, 110; 
Cylinder, 133; extractor, 246; 
for oil-water gas, 81 ; from cold 
press, 245; from feet of cattle, 253; 
from hot press, 245; gas, 84 (see 
Gas, Oil); “Green,” 111; Light, 
from coal tar, 87; Machinery, 133; 
Mineral, 127; from petroleum, 131; 
Ked, 270; resins for varnishes, 
202; Dock, 127; soluble in alco¬ 
hol, 251; Spindle, 133; used for 
linoleum, 251 ; “ Virgin,” 247. 

Oil, refining, Animal charcoal used 
in, 245; Oxidants used in, 245; 
Permanganate used in, 245; Sul- 
phonic acids formed in, 245; Sul¬ 
phuric acid used for, 245. 

Oil-water gas, Composition of, 82. 

,, Solar oil for, 81. * 

Oils and fats, Classification of, 242; 
Hydrolysis of, 240; Preparation 
of, 242; Properties of, 242; Pro¬ 
perties and uses of, 247; used in 
soap making, 204. 

Oils, Blown, 250; Buttery, 252; con¬ 
taining other than glyceryl salts, 
243; containing saturated fatty 
acids, 241; containing unsaturated 
fatty acids, 240; Deblooming 
, mineral, 132; defined, 239 ; Dry¬ 
ing. 243; Drying, dolined, 240; 
equivalents, Mean of, ascertained, 
241; Essential, 257; Extraction 
of, by volatile solvents, 246; for 
leathor dressing. 253, 255, 256; for 
food, 248, 249, 251; Groups of, 
242; Identification of, 241; Illu¬ 
minating, 248, 249, 251, 253; 
Lubricating, 248, 249, 251, 253, 
255; Lubricating, from Russian 
petroleum, 133; lubricating, Iso- 
parallius as, 112; Marine animal, 
244 ; Non-drying, 240, 242; of 
< cotton seed oil group, 242; of high 
^viscosity, 243; of linseed oil group, 
243tf of olivo oil group. 2v2; of 
rape oil group, 242 ; of the castor 
oil grjiup, 243 ; of the coco nut oil 
group, 243 ; of the cruciferai, 242; 
of the lard oiljjroup, 244; of the 
palm oil group, 24ft; of the sperm 
oil „group, 244; of the tallow 
giOupj-244; of the whalefjiigroup, 
244 ; Oxidation of drying, 240 ; 
Red, 964; resins*and varnishes, 
V 239, ex seq. ; Semi-drying, 249; 
Stvlid. 244; Tanning with, 415; 
used as tanstufls, 404; used in 
currying, 4176 V licoait^m parted 
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to, 251; which become rancid, 24*2, 
252; Winning and refining of, *245; 
Winning of essential, *257. 

Okonite, 134. 

Ofoa Kuroptm, 247. 

Oleate, Dodecatyl, 255; Glyceryl, 
241, 242, 244, 248, 249, 252, 253, 
255; Sodium, 241. 

Oleic acid, 239; converted into 
palmitic acid, 272; Distilled, 271 : 
Solid fatty acids made from, 272. I 
Oleic series, Acids of the, 242, 244. 
Olein, 239, 270. 

Oleo-resins, 250, 258. 

Oleum, 23. 

Olive kernel oil, 247. 

,, marc, 247. 

Olive oil, 247 ; group, Oils of, 242. 
#live press-cake, 247. 

Olives, 247. 

Omentum of pig, Fat from, 253. 

0. P.,234. 

Open test, Flashing point, 131. 

“Open woods” (dyewoods), 345. 
Orange red, 383. 

Orcein, 347. 

Orcellic acid, 347. 

Orcellinic acid, 347. 

Orchella weed, 347. 

Orchil weed, 347. 

Orcin, 347. 

Orcinol, 347. 

Organised ferments, 201. 

Organism, Denitrifying, 123 ; Nitri- j 
fying, 123. 

Orientation of anthracene, 299. 
Orleans process for making vinegar, 
235. 

Orpimcnt, 382; Colouring shellac 
with, 259. 

Orris root, 230. 

Orr’s zinc white, 375. 
Orthoaniidoazotoluene, 317. 
Orthochromatic photographic plates j 

* 14 . # 

Orthoclase, 156. I 

Orthonitrobenzoic aldehyde. Formula 
for, 336. 

Orthophenylcnediamine, 317.* 
Orthotoluylenediamine, 317. 

Oryza mtiva, 200. * 

Osazones, 329. * 

Osmosfjj'xocess, 187 ; Apparatus«fe>r, 
188; Potassium nitrate from -he, 

Osmosis, Sugar recover?! from. 

molasses by, 18,, 

Osseine, Analysis of, 115. 

Over-bur^t lime^ 14J* 


Over-proof, 234. 

Oxalate, Potassium antimony, 444 ; 
use in dyeing, 353. 

Oxalates, Acid, of potassium, 443. 

Oxalic acid, 442; as a solvent for 
Prussian blue, 378; Use of, in 
dyeing, 352. 

Oxazine dyestuffs, 320. 

Oxazones. 328. 

Oxford ochre, Analysis of, 385. 

Oxidant, Arsenic acid us an, 306; 
Ferric chloride as an, 324 ; Ferri- 
cyanides as an, 363 ; Nitrobenzene 
as an, 307 ; Nitroso-dimethylani- 
lino as an, 326. 

Oxidants used in oil refining, 245. 

Oxidation, Pleaching by, 283 ; Fusel 
oil removed from spirit by, 232; 
of alcohol, 235 ; of linseed oil, 
250; Spongy platinum inducing, 
235. 

Oxide, Ferric, purifier for coal gas, 
73; Spent, 74 ; Sulphur in spent, 
74; “vessel,” 74. 

Oxycelluloso, 291. 

Oxychloride of copper, 380. 

Oxygen, 458. 

,, carriers, 131, 307, 308, 330. 
,, for making blown oils, 251. 
,, Liquid, for explosives, 433. 
,, Use of, in glass making, 169. 

“Oxygon, Available.” in manganese, 
40. 

Ozokerite, 133; candles, 269. 

Ozone for purifying spirit, 232. 

„ ,, sugar, 184. 


P 

Pack of hides, 406. 

Paint defined, 369. 

,, “ Ground,” 387. 

,, “Mixed,” 387. 

Paints, 387 ; and pigmtnts, 369 ; 
Vehicles for, 387. 

Palmitato^Olyl, 245,255; Glyceryl, 
244,248,25*2; llicyl, 256; Mochyl, 
255; Myricyl, 241, 255. 

Palmitic acid, 239, 243 ; Manufao- 
v turc of, 269; Oleic acid converted 
into, 272. 

Palmitin, 239. 

Palm kernel oil, 252. 

„ nut oil, 243. 

, oil, 243, 252. 

• oil grouj>, Oils of the, 24J,. - ( 
,, oil, Properties of, 252. 

, pith, 202. 

•* 20 
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Palm sugar, 191. 

Pan process of saponification, 269. 
Panclastite, 433. 

Panderraite, 440. 

Paper and pasteboard, 365. 

Paper, Cellulose for making, 365; 
Loading materials for, 365; Manu¬ 
facture of, from rags, 365. 

Para - amidophenylaraido - acridine, 
336. 

Para - amidophenylmethylquinolitie, 
334. 

Para rubber, 260. 

“ Parachutes,” 219. 

Paraffin candles, 269. 

„ oil, 111. 

,, oil from petroleum, 131. 

,, scale, 111. 

Paraffin wax, ill; Decolorising, 461; 
from petroleum, 131 ; in Russian 
petroleum, 133 ; Melting point of, 
112 . 

Paraleucaniline, Formula for, 302. 
Paranitraniline, Scarlet from, 356. 
Paraphenyleno diamine, 318. 
Pararosaniline base, Preparation of, 
305. 

,, Formula for, 303. 

,, methylated, 309. 

Paratoluidine, Condensation with 
sulphur, 296. 

Parchment, 415. 

Parian porcelain, 162. 

Pari8 red, 383. 

Parnell and Simpson process for 
alkali waste, 38. 

Pars papillaris , 391. 

,, reticularis, 391. 

Pasteboard and paper, 365. 

Paste brilliants, 172. 

Paste, Manufacture of porcelain, 
4 15$ ; Starch, 202. 
latent blues, 357. 

Pathological tannins, 398. 

Peach wood, 345. 

Pea-nut oil, 248. 

Pearl ash, 455. # < 

,, hardening as a loading mate¬ 
rial, 365. 

Peat, Destructive distillation of, 97. 
Pebble gunpowder, 426. 

Pectic acid, 279. . 

Pectin, 279. 

Pectose, 279. 

Pentahydroxyanthraquirione; 301. 
Pep'pikahlecatyl alcohol, 244. ' 
Pc.itane, 130 ; for photometer, 7b. 
(Pentoses, 207. 

Peonine/ 311. f 


Percarbonates, 456. 

Perchlorate in caliche, 122. 

,, in Chili saltpetre, 459. 

„ Potassium, in saltpetre, 

425. 

Perfumes, 258. 

Permanganate, Potassium, 449 ; 
Bleaching by, 287; Sodium, 449 ; 
used in oil refining, 245. 

Permanganates, 448. 

Peroxide of hydrogen, Bleaching by, 
283, 284; sodium, Bleaching by, 
283. 

Peroxides, 456. 

Perry, 224; vinegar, 237. 

Perseo, 347. 

Persian berries, 346. 

Persulphatea, 456. 

Peru balsam, 259. c 

Petrol, 130. 

Petroleum, 127 ; Anthracene from 
Russian, 133; benzine from, 130; 
benzole from Russian, 134; 
“Cracking,” 129; distillation. 
Coke from, 132 ; Distribution 
of, 127; ether, 130; Lubricating 
oils from Russian, 133 ; Naphtha 
from, 130; Naphthalene from 
Russian, 134; Naphthenes in 
134; Origin of, 127 ; Paraffin 
oil from, 132; Paraffin wax from, 
132 ; Paraffin wax in Russian, 
133; Pitch from Russian, 134; 
“ reduced oil,” 130 ; Refining 
burning oil from, 131; Refining of, 
129 ; Russian and American, com¬ 
pared, 129, 134 ; Solidification of, 
134; Transmission of, 129; Vasoline 
from Russian, 133; Winning of, 
128; Yellow wax from, 132. 

Petrolic acids, 134. 

Phenanthraquinone, 330; red, 330. 

Phenazino, 316, 317. 

Phenol, 89, 90; blue, 323; Salicylu 

| acid prepared from, 446. 

Pheiydazobenzene sulphonic acid, 
Formula for, 294. 

Phenoldisazobenzene, Formula for, 
294/ 

Phonolphthalein, 312. 

Phenosaf ranine, °31 ft • 

Phenylene blue, 322. 

Pbonylhydrazine, 329. / , ^ 

Phenylrosinduline, 334. 

Phlobapjienes, 399. *» 

Phwnix i :ylvestris , 191. 

Ph/jsphate, Chromium, 380 ; 41 Dical¬ 
cium,” 119; “Land,” 117; of lime, 
Sources of, ! 'lJ7; <sf sod%, Applica- 
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tion of, in calico printing, 362 : Pigments, Black, 386. 
of soda, Application of, in dyeing, ,, Blue, 375. 

359 ; of soda. Rhombic, 442 ; ore- ,, Body of, 369. 

cipitated, 119; precipitated, Use ,, Colour of mixed, 369. 

of alkali waste in manufacture of, „ Covering power of, 369. 

119; Redonda, 117; Reverted, ,, defined. 30ft. 

119; River, 117; Soluble, 117, ,, Dyestuffs distinguished 

118,119. i ‘from, 289. 

Phosphates, Analysis of native, 118. ,, (Jreon, 379. 

Plnisphatie guano, 125. ,, Iron, 384. 

gypsum, Analysis of. 435. ,, Mineral, 370. 

,, manures, 116. ,, Organic, 386. 

., ,, Rate of assimila- ,, Red, 383. 

tion of, 121. ,, Theory of colour, 369. 

Phosphine, 306, 337. ,, White, 370 . 

Phosphor bronze sieves, 199. ,, .. containing lead, 373. 

Phosphoric acid, 442; (ilacinl, 442; ,, Yellow, 382. 

Manufacture of, 434. Pilsenor lager beer, 220. 

ftiosphorite, 117. Pintsoh system for oil gas, 84. 

Phosphorus, Distillation of, 435; Pitch, Coni tar, 92 ; Composition of, 
Klee trie furnace for, 436 ; Maim- 92; cpuiv. Composition of, 135; 
facturc of, 434 ; Matches without, ; from Russian petroleum, 134; 

437 ; Properties of yellow, 434 ; j “Hard,” 92 ; “Lake,' 135 j 
Headman and Parker’s process for i “ Land,” 135 ; “Soft, " 92; Softeu* 
making, 436; Red, 436 ; Refining, | ing point of, 92 ; Stearin, 271. 
435; Scarlet, 438; Yield of, 435. “ Pitching” won, 215. 

Photographic developer. 39s. Pith, Palm, 202. 

,, plates, Orthochmma- Plaster, Lead, 267. 

tic, 314. Plaster of Paris, 142; Lfleet of, on 

Photometer, 76. fermentation of wine, 223; Setting 


Photometry, 77. <>f, 142. 

Phthalein I’lyeslulls, 311. Plastered wines, 

Phthalie acid, 91. Plasticity relate 

Phthalic anhydride, Preparation of, j clays, 157. 

312. Plate eoltimn, 8 . 

Phthalophenone, 312. Platinum, Corro 

Phylloxera, 221. pigment, for \ 

Phyndi.r macrorephalun, 255. j inducing oxi< 

Phvsctoleate, Glyceryl, 255; dode-j Concent ration 
catyl, 255. "* \ | “Ploughing” ba 

Physical theory of dyeing, 290. 206. 

Physiological tannins, 398. Plumped hides, 

Phvtoslerol, 244. Plumping hides, 

Picpline, 115. * Plumule, 206. 

Picric aci<l as an explosive, 433. 9 Pneumatic malt 

,, Melting point of, 2!tf. ; Poisoning by wl 

„ Preparation and proper- ' of, 373. * «r 

ties of, 292. m 1 “ Poisoning th«- 
Pigment lakes, 387. ' Polarimetcr, 211 

,, Iridium ox i;’e for gloss, 174 i h'olyhalite, 453. 

,, “ lotting down ” a, 382. ’• Polyprene, 260. 

Platinum, for glass, 174. Polymerisation 

’ #F>tannic chromate, fw gl’Sss, 250. 

174 , Polyricinoleic a 


! of, 142. 

: Plastered wines, 224. 

Plasticity related to composition of 
clays, 157. 

' Plate column, 8 . 

Platinum, (Corrosion of, by vitriol, 17; 

pigment, for glass, 174 ; Spongy, 
i inducing oxidation, 235; stills, 
j Concent ration of vitriol in, 17. 

1 “Ploughing” barley during malting, 
206. 

Plumped hides, 405. 

Plumping hides, 393, 395. 

• Plumule, 206. 

Pneumatic malting, 206. 

Poisoning bv white lead, Prevention 
' of, 373*V 
■ “ Poisoning t.h<- pan,” 25. 

1 Polarimetcr, 213. 


Polymerisation in Doling linseed oil, 
250. 

Polyricinoleic acid, 252. 


s’\lo & cal ice printing, “ Pojyffulphate,” 11. 

” 302. * •Pogceau R, 294. 

Uranium oxide, 7or Poppy-seed oil, 243. 

^74 I Porcelain, 159; Berlin. 160; Biscuit 

Pigraents*nd plinte,MB ; clay, 167; Colouring, 161 
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English soft, 161; frit, 161; Glazed, 
160; Glazes for, 160; Hard, 159; 
Parian, 162; paste, Manufacture 
of, 159; Reaumur’s, 171; Sevres, 
161 ; Soft, 161. 

Port, 223. 

Portland cement, 145 ; Analysis of 
clay for, 150; Analysis of materials 
for, 150 ; Hardening of, 151 ; 
Materials for semi-dry process of, 
145; Materials for wet process of 
mixing, 145 ; Setting of, 150. 

Pot-ale, 226. 

Pot, Nitre, 6 ; still, 226. 

Potash, Caustic, 454 : from beet 
sugar residues, 455 ; from suint. 
455 ; from wood ashes, 455 ; from 
yolk, 455; glass, 171; Manufac¬ 
ture of carbonate of, 454 ; manures, 
124 ; Red prussiate, 462 ; salts, 
452; soap, 364; Sugar recovered 
from molasses by direct removal 
of, 191 ; Yellow prussiate of, 461. 

Potashes, 454. 

Potassium aluminium sulphate, 451. 

,, antimony oxalate, Use of, 

in dyeing, 353. 

,, bichromate, 448. 

,, bromide, 459. 

,, carbonate, 454. 

,, chlorate, Manufacture of, 

47. 

,, ,, Separation of, 

by cooling, 47. 
,, chloride, Winning of, 453. 

,, chromium sulphate, 452. 

,, cyanide, 462. 

,, ferrocyanide, 461, 462. 

,, ,, Uses of, 462. 

„ iodide, 460. 

,, nitrate, 424. 

, ,, from the osmose 

process, 188. 

,, percarbonate, 456. * 

„ l 'perchlorate in saltpetre, 

425. 

,, permanganate, t49. 

,, ,, bleaching by, 287. 

„ ,, for purifying 

spirit, 232. 

,, persulphate, 456. 

,, salts, Sources of, 452. 

,, sulphate, 454. 

„ sulphocyanido, 462. 

,, thiocyanate, 462. 

ultramarine, 377. '* 

■TYtfato, Saccharification of starch in, 

X 231 ; spirit, 231, 232; starch, 198. 

f Potatoes, Diseased, used for starch 


making, 199; for starch, 199, 
Frost-bitten, 199 ; Fusel oil from, 
233; Loss of starch in, by frost, 
199 ; Loss of starch in, by oxida¬ 
tion, 199; Specific gravity of, in¬ 
dicating starch content, 199. 

Pottery clays, Analysis of, 156; 
Properties of, 156. 

Pottery, Kinds of, 159. 

Poudrette, 125. 

Precious Stones, Imitation, 172. 

Precipitation processes of making 
white lead, 372. 

Preservative, Arsenic as a, 442; 
Saltpetre as a, 425. 

Press-cake, Gunpowder, 426; Olive, 
247. ' 

Press, Filter, 182; Hydraulic, 245. 

“ Pressure bowl,” 361. 

Priming beer, 219. 

Primuline base, 296. 

,, dyestuffs, 296. 

,, Method of dyeing with, 

297. 

„ Photographic application 

of, 297. 

,, yellow, 297. 

Printing, albumin, Application of, 
in calico, 362; Application of 
acetic acid in cotton, 361; Arsen¬ 
ate of soda, Application of. in 
calico, 362; Block, 361 ; blood 
albumin, Application of, in calico, 
362; Calico, 361 ; Colour, 361 
Discharge style of calico, 362. 
Dyeing style of calico, 362; 
ink, 251 ; phosphate of soda, Ap¬ 
plication of, in calico, 362; Pig¬ 
ment style of calico, 362; Resist 
style of calico, 363; Roller, 361 ; 
Steam style of calico, 361 ; Styles 
of cotton, 361 ; Thickening agents 
for calico, 361 ; with aniline black, 
331 ; with indigo, 344 ; Wood, 363. 

producer gas, 81 ; Composition of, 
69,ii for retort furnace, 68. 

Proof spirit, 234; Specific gravity of, 
234... 

“ Proof stick,” 194. 

“ Proof vinegar,” 237. 

Propyl alcohol, 233. 

Protocatechuic acid, 398. 

Prune,'628. «<* 

Prussian blue, 377; Dyeing with, 349. 

Prussiate of potAsh, Red, 462 y 
Yellow, 461. 

'Pivc-r, 407. 

Pugmill, 388 r 

Pumpherston shale tetort> 109. 
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Purifier, Arrangement of gas, 74; 
for coal gas, Ferric oxide, 73; 
Lime, Action of, on coal gas, 74 : 
Revivification of spent, 74. 
Purifiers, Las, 73. 

Purpurin, 299. 

Purree, 387. 

Putrefaction applied in winning oils, 
246. 

Puzzuolana, 153 ; Analysis of, 153. 
Puzzuolanic cement, 153. 

Pyridine, 115; bases, 87 : bases for 
denaturing spirit, 234. 235 ; 

Methyl, 115. 

Pyrites, 2. 

„ burners, 3; Dust from, 7. 

,, gases, Percentage of oxygen 
in, 3 : Percentage of sul¬ 
phur dioxide in, 3. 

„ smalls, 2 ; burner, 5. 

,, spent, Sulphur in, 3. 

Pyritic shale, 451. 

Pyroealeehol, 317. 398; tannins, 398. 
Pyrogallic acid, 398. 

Pyrogallol, 398 ; Application of, 314 ; 

tannins, 398. 

Pyrogallolphthalein, 314. 

Pyrolignite of iron, 104. 

Pyrojyline, 430. 

Pyrrol, 115; red, 115. 


Qtiinonedi-imide, 322. 
Quinonedioxime, 321. 

Quinone dyestuffs, Application of, 
298. 

Quimmeoximcs, 302, 321. 

“ Quinonoid structure,'* 298. 
Quinuphthalonc, 336. 

R 

Rack-a hock, 433. 

“ Hacking back.” 219. 

Racking beer, 219. 

Ralliuose in beet juice, 179. 

Kaggi, 231. 

Ragosin’s process, 133. 

Rags, Manufaetureof paperfrom, 365. 
Railway carriage lighting, 83. 

Ram-id butter, Kutyrie acid in, 254. 
Rancid, Oils which heroine, 242, 252. 
Rancidity, Cause of, 240 ; Chemistry 
of, 240. 

Hanson's process, 183. 

Rape cake as manure, 126, 248. 

Rape oil, 242, 248 ; Blown, 251 ; 
group, Oils of, 242 ; L winning of, 
248 ; Properties of, 248. 

Rapic acid, 239. 

; Rasping machine, 199. 
i Rave's treatment of vitriol tar, 111. 
Headman and Parker pn truss of 
\ phosphorus manufacture, 430. 


Qfandki., 98. 

Quarter bleach, 287. 

Quartz glass, 174. 

Quassia, a hop substitute, 210. 

Quebracho, 400. 

Quercitannic acid', 396. 

Quercitin, 340. 

Quercitrin, 340 

Quercitron bark, 346. 
reus ctgylop.'i, 399. 

,, cast until, 390. 

,, cerriny 399. 

„ ilex, 349. 

,, infeeforia,, 397. 

,, pahmcnlata, 397. 

,, rebur, 399. 4 
,, tinctori' f. 346. 

Quick vinegar process, 236. 

QuinalJtiv, 335. 

Quinoline derivatives (dyestuff-.), ^ 
from coal t&r, 335* 

„ red, 335 * 

,. yellow, 336. * 

Quinone derivatives (dyestuffs), ! 

QuinoneiKchlorfnudff, 322. 


, Realgar, 383. 

Reaumur’s porcelain, 171. 
Rectification of crude spirit., 232. 
Rectified spirit of wine, 234. 

Specific, gravity of, 234. 

I Rectifier, 227. 
j Red arsenic, 406. 
i ,, lead, 383. 
j ,, lupmr, 34. 

,, Caustic soda from, 3*-. 

I „ oil, 264. 

,. oxide of iron, 384. 

,, phosphorus,Manufaetureof,430. 

! ,, ,, Properties of, 434. 

{ ,, pigiwepif, 383. 

,, vegetable colouring matters,346. 
■ Redislillations,tirade oil irom shale, 
110 . 

Redonda phosphate, 117. 

: “ Reduced oil.” petroleum, 283. 
Reduction, Bleaching by, 28.8. 
Refined alkali, 34. 

Refrigerators used in browing, 213; 

• ^iTlplmr dioxide for, 6. 
Regenerative burner, 78. 

Rendering fats, 2^5. 

* ,, of tallow, 253. 
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Reseda luteola, 346. 

Resins, 258; defined, 256 : for var¬ 
nishes, 262 ; Gum, 256, 259 ; Oleo, 
256; Running, 262; varnishes and 
oils, 239. 

Resists, 363. 

Resist style of calico-printing, 363. 
Resorcin green. 321. 

Resorcinol, Application of, 312 ; 
Preparation of, 313 ; Properties 
of, 313. 

Resorcinolazobenzeno, Formation of, 
295. 

Resorci noldisazobonzene, Formation 
of, 295. 

Rosorcinolphthalein, 313. 

Resorufin, 328. 

Retort carbon, 70. 

,, 1 )iincnsions of gas furnace, 67. 

,, gas furnace, 67. 

,, Henderson, for shale distilla¬ 

tion, 107. 

,, Percentage of coke needed for 
firing gas, 67. 

, Producer for gas furnace, 68. 

„ Pumnherston, for shale dis¬ 

tillation, 109. 

Scurf, 70. 

, Young and Boilby, for shale 

distillation, 107, 108. 
Retorts, Carbonising in, for gas pto- 
duction, 67 ; Carbonising wood in, 
100 ; Charging gas, 69; Drawing 
gas, 69; Mechanical charging of 
gas, 69 ; Process of distillation in 
gas, 69. 

“ Retted” llax, 279. 

‘•Retting" llax, 279. 

Reversion of superphosphate. 119. 
Reverted phosphate. 119. 
Revivification of spent purifier, 74 ; 

t of spent acid, 429. 

Revolver black ash process, 31. 
Rhanmotin, 346. 

Rhamnus amygdalinus L 346. 

,, fravgula , 425. 

Rhigolene, 130. • v ' 

Rhodamine, 315, 355 ; S, 316. 
Rhombic phosphate of soda, 442. 
Rhus coriaria, 400. ( 

j, cotin ns, 346. 

>» japonica, 396. 

,, semialata , 396. 

Rice starch, 198, 200. ( 

Ricin, 25 \. ( 

Rici-^liate, Glyceryl, 251. , 

t Rimnoleic acid, 239, 243. 

I „ series of acids, 242. 
fkccinus communis , 251. * 


Rinmann’s green, 381. 

“ Rippling” flax, 279. 

“River phosphate,” 117. 

Roans, 412. 

Roasters, Blind, 28; Open, 23. 
Roburite, 433. 

Roccella fnciformia , 347. 

,, tinctoria, 347. 

Rock,” 270. 

Rocks, Influence of rate of cooling on 
structure of, 171. 

Roller printing, 361. 

Roman cement, Analysis of, 144. 
Rope, 280. 

Ropy fermentation of beer, 220. 
Rosaniline, 306; base, 307 ; base, 
Chemistry of, 306 ; Constitution 
of, 303; hydrochloride, 307 ; salt* 
Formation of, 306;Triphenyl-, 310. 
Rosin, American, 258 ; Common, 253. 
Rosindulino disulphonic acid, 335. 
Uosindulinos, 3 i3. 

Rosin grease, 259. 

,, oil, 259. 

,, Properties of, 258. 

,, spirit, 259. 

,, White, 258. 

Rosolic acid, 311. 

Rotatory exhauster, Beale’s, 71. 
Rouge. 23, 384. 

Rounding hides, 407. 

Rove, 397. 

I Rubber, 260. 

I Ruborythrin, 299. 

Ruhia tinctoria, 299. 

Rum, 230. 

Rumex hymenoscpalum, 401. 

“ Running” rosins, 262. 

I’usma, 406. 

Russia leather, 417. 

Russian petroleum, 133 (see also 
Petroleum). 
tar, 102. 
turpentine, 257. 


“ S.vct hakate,” 177 ; Calcium, 181; 
Diplumbic, 191*; Distroutium, 189; 
Monocalcium, 189 ;1vIonostrontium, 
189^; Tricalcium, 188. 

SacSharfetes, 188. <' * 

Saccharatum, Sorght^n, 19f. 
Saccharines, 176. 

'Saccharification of starch in potato* 
0 ‘23!. 

Sacchat-ine, Manufacture of, 446. 
{ Saccharinum, Aler, f91. Ci 
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Saccharomyces cerernnrF, 217. 

,, ' ellipsohieus, 222. 

Saccharomycete*, 204, 215. 

Saccharum ojHcinarum, 176. 

Saddening mordants, 1151. 

Safranine, 355 ; T, 319. 

Safranines, 318. 

Safety matches, 436 (see also Matches). 

Safflower, 347. 

Safrosin, 314. 

Saggers, 160. 

Sago, 202. 

Saladin system of malting, 206. 

Salicylate, Methyl, 25S, 446. 

Salicylic acid, 446; as an antiseptic 
for beer, 219; as a preservative, 
446 ; natural, 446 ; prepared from 
phenol, 446. 

Salt, 24 ; Analysis of rock, 24: Bay, 
25. 

Salt cake. Composition of, 29; fur¬ 
nace, 27 ; furnace, Mactear’a, 28 ; 
Manufacture of, 27; Yield of, 
28. 

Salt, Calcium sulphate in rock, 24. 

“Salt fishing,’’ 25 

Salt from sea-water, 26. 

“ Salt gardens,” 26. 

Salt glazing, 162. 

,, pans, 25. 

,. Kock, 24. 

Saltpetre as a preservative, 425. 

,, Bengal ordinary, 424. 

,, earths, 424. 

„ flour, 424. 

Perchlorate in Chili, 459. 1 
,, Potassium perchlorate in, 

4*25. 

Salts. 447. 

Samming, 416. 

Sandblast, 174. 

Sandmeycr's process, 311 

Sanitas. 257. 

45antal wood, 345. 

Kantorin earth, 153. 

Sapan wood, 345. 

Saponification, 240, 264 , 265; by 
lime, 269; equivalent 241 ; of 
fats, 240; Pan process of. 209; 
processes, # Yiaid in, 271; valua, 
234 ; with alkali carbonates, 264. 

Saturated fatty acids, O^s^.ntain- 
ing,%43. 

Saucers of vj|riol chambeis, 7. 

Saxony blue, 343. 1 

“Scale, Crude,'’111. 

Scale, Paraffin, 111. 



Scheibler’s process for recovery of 

sugar from molasses, 189. 
Schenck’s scarlet phosphorus, 436. 
Schizomycctes, 204. 

Scblempe, 455. 

Schlentpokohln, 191, 455. 

Schultzo’s powder, 430. 

Schweinfurth green, 380. 

Scott’s cement, 143. 

Scouring cotton, 2S4. 

,, leather, 417. 

,, wool, 282. 

Screening malt, 207. 

“ Scrim,’’ 251. 

Scudding hides, 407. 

Scurf, Retort, 70. 

“Scutching” flax, 279. 

Sealing wax, 259. 

Seal oil, 244, 255. 

Sea-water, Analysis of, 26; Salt 
from, 26. 

Seaweed. 459. 

SoInutous glands, 390. 

Secondary cathode, 59. 

Seed-lac, 259. 

Seed, Oils won from, 245. 

Soger’s cones, 161. 

Semi-rotation, 195. 

Separator, Magnetic, 211. 

Sepia, 387. 

Sepia officinalis , 387. 

Sept-aria nodules, 144. 

Seriein, 277; removed from raw nilk, 
277 

Sesame oil, 243, 249 ; Properties of, 
249 ; Uses of, 249. 

Sesainnm orientals, 249. 
Sesquiearlionato, 35. 

SooquiterpenoK, 257. 

Setting of mortar, Kfleet of tempera¬ 
ture on, 142. 

,, Portland cement,*15'.b 
“ Settling back,” 219. 

Sewage as manure, 12.1 
,, precipitant s, 450. 

Sevres porcc.lain, 161. 

Shal<^n^.»ii»e from, 110; Benzoline 
from, 110; Composition of, 105; 
Crude oil from, 110; (’rude oil 
from redistillation, 110; Destruc¬ 
tive distillation of, 105. 

Sflnle distillation, Ammoni&cal liquor 
from, 112; (las from. 113; Gaso¬ 
lene from, 113 ; Henderson retort 
.for, 107 ; Pumpherst(\jjjj retort for, 
► 109 ; Young and Beilb^'f&urt for. 
108. 

|Shale “green oil,” 110. 

| „ kerosene, 106. 
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Shale, Naphtha solvent from, 110. 

„ oil, Purifying, 110. 

„ oil, Yield of products from 
crude, 112. 

,, Origin of, 106. 

,, products, Distribution of nitro¬ 
gen in, 113. 

„ Pyritic, 461. 

,, Yield of products from Brox¬ 
burn, 106. 

“Shales, Vitriol,” 23. 

Shammy leather, 415. 

Shark-liver oil, 244. 

Shaved hides, 412. 

Shellac, 259. 

Sherry, 223; Caramel for colouring. 
223; cask, Use of, for maturing 
whiskey, 227. 

Shoddy as manure, 123. 

Shot effects in dyed silk, 359. 
Siemens burner, 79. 

„ tank furnace, 168. 

,, toughened glass, 170. 
Sienna, Burnt, 385 ; Raw, 385. 
Siennas, 385. 

Silent spirit, 233. 

Silica for glass, 164 ; fused, 174. 
Silicate of magnesia, 281. 

Silk, 277; Analysis of raw, 277; 
Artificial, 278, 281 ; bleaching, 
283; “ Boiled-off,” 283 ; Denitra¬ 
tion of artificial, 280; “ Discharg¬ 
ing,” 283; Weighting, 285. 

Silk dyeing, 359 ; with acid colours, 
360; with basic colours, 359; with 
direct colours, 359; with mordant 
colours, 360. 

Silk fibre, 277; Behaviour of, to re¬ 
agents, 277; Specific gravity of, 278. 
Silk glue, 277. 

,, Sericin removed from raw, 277. 
,, c“ Sfrippiinr,” 283. 

„ “ Tussur,” 277. 

„ “ Ungumming,” 283. 

,, Winding, 277. 

Silks, Wild, 277. 

Silver ultramarine, 377. \ * 

Simon-Carves coke oven, 95. 

,, oven, Y iold of products 

from. 97. 

Simpson and Parnell process for 
alkali waste, 38. ** 

Sintering, 161. 

Sitosterol, 244. 

Size, 420. „ , 

Sizing365. 

* Skimming back,” 219. 

Skjf timing system of cleansing beer, 

./*»• 


Skin, Proximate composition of, 391 j 
Structure of, 389. 

Skin-hardened soaps, 266. 

Skins and hides, Quality of, 393. 

„ defined, 393. 

» Falling of, 395. 

,, Ultimate composition of, 393. 
Skivers, 412. 

Slack malt, 207. 

Slag, Analysis of basic, 120; Ball 
mill for basic, 121 ; Basic, 120; 
Cement, 154; for cement, Blast 
furnace, 154; wool, 281. 

Slaked lime, 141. 

Slaking of lime, 141. 

Sleekers, 417. 

Slurry, Analysis of cement, 150; 

Manufacture of, 145. 

Small coal for alkali manufacture, 27. 
Smalls burner, Pyrites, 5. 

,, Pyrites, 2. 

Smalt, 173, 378; Analysis of, 379. 
Smoko, Gunpowder, 427. 

Smokeless powder, 427. 

Soaking hides, 404. 

Soaks, 404. 

Soap, 264 ; and candles, 264 ; Arti¬ 
ficial mottled, 266; Cold-water, 
265 ; Cresolic acid in, 276 ; Curd, 

265 ; Detergent action of, 267 ; 
Detergent properties of, enhanced 
by alkaline substances, 264 ; Dis¬ 
infectant, 267 ; “ Figging” in soft, 

266 ; Filling materials for, 264 ; 
Fitted, 265 ; Frothing prevented 
in whiskey stills by, 227 ; Glass- 
makers’, 165 ; Green oolour of 
soft, 266 ; Lead, 267 ; lyes, 
Glycerine recovered from, 266; 
-making, Fats and oils used in, 
264; Manganese dioxide in, 260 ; 
Manufacture of, 265 ; Manufac- 
facture of soft, 266 ; .Marine, 266 ; 
Mottled, 265; Potash, 264 ; Prim* 
ra.e, 265 ; Sodium sulphate in, 


265 ; *3ugar in, 265 ; Use of, in 
dyeing, 353 ; Water in, 265 ; 
Yellowing of wool by, 283. 

Soaps, defined, 264 ; Household, 266 ; 
«Milling, 266; Ritw materials for, 
264 ; Scouring, 266 ; Soda, 264 ; 
ToilfcS 266 ; Transparent, 266, 
Soapstone, 365. 9 

Soda, Analysis of cru^ nitrate of, 

S 2 ; as*, 34 ; ash, Analysis of, 
; Apparent density of ammonia, 
; ash, Apparent density of, Le¬ 
blanc, 52; a0h,« Cau^ticising, by 
• fusion with ferric oxide, 52; Bi- 

* o m 
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carbonate of, 35 ; Caustic, 35 ; Sodium sulphate, Use cf, in dyeing, 


Caustic, from red liquor, 36; 
crystals, 34; “glass,” 171; Grades ,, sulphide as a depilatory, 405, 

of caustic, 36 ; liquor, Concent ra- 406. 

tion of caustic, 36; Purification of „ „ for making wood 

crude nitrate of, 122: soaps, 264 ; pul}), 368. 

Ultramarine, 376 ; Washing, 34. ,, sulphite, 6. 

Sod-oil, 415. ! Sodoxyanthraquinone, 300. 

■Sodium alizarate, 300. ! Sullioni, 440. ■> 

aluminate, Use of, in dyeing, : Softening processes in tanning, 407. 

352. * I “ Soft pitch," 02. 

amide, 461. i “Soft woods,'* (dyewoods), 345. 

arsenate, Manufacture of, I Solar oil. 133: for oil water gas, 81. 
442. | “Solid tin me burners,” 70. 

,, Use of. in dyeing, j ,, green, 321. 

351. | Solidilication of Russian petroleum, 

biearlionate, Conversion of, j 131. 

into soda ash, 52. j Solidified bromine, 459. 

bichromate, 447. j sulphuric acid, 18. 

bisulphate, 365. | Soluble blues, 309. 

bisulphite, 6. ! „ starch, 202. 

“ carbolate,” 89. ! Solution of metals in glass, 172. 

carbonate prepared from cry- ! Solutions, Action of, on glass, 175. 

elite, 56. * j “Solvent naphtha,” 88 ; from shale, 

chlorate, 48. j 110. 

„ for alizarin manu-i Solvents, 463 ; Spirit, for varnishes, 
facture. 300. j 263 Volatile, 216 ; Volatile, for 
chloride. Effect of, in water] wool washing, 276. 

for brewing, 214. j Soot, Ammonia in, 122; Arsenic, 

chromate,’1 *7. 441; for manure, 122. 

citrate as a resist, 363. j Sortjhum sucrhamtmn, 191. 
ferrite, 52. sugar, 191. 

fluoride as an antiseptic for Sorrel, Salts of, 443. 
beer, 219 ; as a softening Sour beer, 220. 
agent, 439. ! * s ‘>ur, drey, 285. 

metaborate, 441. 1 »» Lime, 2S5. 


nitrate of manure, 122. ■ “Sour” process of starch extraction, 

,, Commercial analysis 201. 

of, 123. >, tanning, 411. 

,, iti Clover tower, 15. ,, white, 285. 

nitrite, Use of, in making Soxhlet extractor, 216. 
dyestuffs, 293. ! Sparger, 211. 


oleate, 241. 

oxalate, 443. 9 

permanganate, 449. 
peroxide, 456; Bleackin^fby, 
283. 

phenyl carbonate, 146. 
phosphate, Manufi&ture of, 
442. 

* * Use of, in dye¬ 

ing, 35j. 

> aesquicarbonate, 35» • ♦ 
silicate for electrol'-ti- dia- 
% phragmq- 58. 


Jiragiwq-Oo. j >> 

Decornposnio ) of, hy j n J. 


! Sparging, 211. 

Speise, 379. 

Spent beet, Analysis of,*181. 

„ lees. 227. 

»» Jjfo from soap works, 266. 

,, oxioe, 2. 74. 

,, ,, Sulphur in, 74, 

,, purifier, Revivification of, 74. 
„ pyrites, Sulphur in, 5. 

. # tan, 403. 

,, ,, Application of, in making 

white lead, 371. 

,, i wash, 230. 


carhondiov.W. Spermaceti, 255. 
sulphate for glassmaking, 29- j Sperm candles, 269. 
- ti f in*soap, 265. j ,» oil, 244, 255. 


l fodder, 'Z 7 1^- 
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Sperm oil group, Oils of, 244. 

,, ,, Properties of, 255. 

Spindle oil, 133. 

Spirit, 224 ; Analysis of, 231 ; blue, 
309; Chromic acid for purifying, 
232; Clean, 227; Commercial, 231; 
Composition of, 232; Content of 
fusel oil in crude, 231; Denatured, 
for varnishes, 235; from maize, 
233; from molasses, 233; from 
turnips, 233; Fusel oil removed 
from, by oxidation, 232 ; German, 
231; German system of denatur¬ 
ing, 235; Manganese dioxide for 
purifying, 232; Materials for 
manufacture of, 224 ; Methylated, 
234 ; methylated, New, 234 ; 
methylated, Old, 234; of wine, 
Rectified, 234; oil of turpentine, 
for denaturing, 235; Ozone for 
purifying, 232; Potassium per¬ 
manganate for purifying, 232; 
Potato, 231, 233; Proof, 234; 
>roof, Specific gravity of, 234; 
Purification of crude, 232; Pyridine 
bases for denaturing, 234; Rectifi¬ 
cation of crude, 232; rectified, 
Specific gravity of, 234 ; Removal 
of fusel oil from crude, 232; 

Silent, 233; Valuation of crude, 
232; varnishes, 263; varnishes. Sol¬ 
vents for, 263; Wood, 103; Wood 
charcoal f' v purifying, 232 ; wood, 
Composition of, 103. 

Spirits, Caramel for colouring, 196; 
Classification of potable, 224; 

of turpentine. 257. 

Spray, Water, in vitriol making, 13. 

Sprengcl’s explosives, 433. 

Stack process of making white lead, 
370. 

Sta^e tylns, 146. 

Staining wood, 450. 

Staking skins, 413 

Standard eafidle, 269. 

Stannate of soda, Use of, in calico- 

printing, 352. ^ % 

Stannic chloride, Use of, in dyeing, 
352. 

Stannic chromate, pigment for glass, 
!74. 

Stannous acetate as a discharge, £62. 
,, chloride as a discharge, 362. 

„ ,, Use of, in dyeing, 

352. ' 

“ Stap^ .P'of cotton, 279; of flkx, 

« of jute, 280 ; of wool, 275. 

Starch, .198; and sugar, 176; Arrow¬ 
root, 198, 202; Colloidal character 


of, 202; converted into sugar, 198; 
extraction, Sour process of, 201; 
extraction, “Sweet” process of, 

201 ; factory, Residue from, as 
fodder, •200, 201 ; factory, Water 
from, aa manure, 200; gelatinisa- 
tion of, 202; granules, Sizes of, 
198; “Green,” 199; from horse- 
chestnut s.202; jelly, 202; Laundry, 
200; Maize, 201 ; making, Dis¬ 
eased potatoes used for, 200; 
manufacture, Gluten recovered in, 
201; manufacture of, 198; paste, 

202 ; Potato, 199 ; Potatoes for, 
199; Rice, 198, 200; Saccharifica¬ 
tion of, in potato, 231 ; separated 
from gluten by caustic soda, 200; 
separated from gluten by fermen-^ 
tation, 200; soluble, 202; solution, 
Viscosity of, 202; Sources of, 198; 
sugar, 196; sugar, Caramel made 
from, 197 ; sugar, Composition of, 
197; sugar, Manufacture of, 196; 
Uses of, 202; Wheat, 200; Yellow 
tint of, corrected, 202; yielding 
materials, Analysis of, 198. 

Starches, Edible, 202; for brewing, 
209. 

Stassfurt boracite, 440. 

,, residues, Brom i ne from, 459. 

,, salt deposits, 452. 

Stassfurtite, 440. 

Steam style of ealico-printing, 361. 

Stearate, Glyceryl, 244, 253. 

Stearic acid, 239; Manufacture of, 
269. 

Stearin, 240; Cotton seed, 249 ; 
Cotton seed, an adulterant of 
tallow, 253 ; for candles, 270. 

“Stearin ” nightlights, 268. 

Stearin pitch, 271. 

,, (stearic acid) candles, 272. 

Stearo-lactone, 272. 


St'caroptenes, 258. 



Steeping barley, 205. 

Steffen's,, process, Sugar recovered 
from molasses by, 1S9. 

£ Stench ” of beer r 210. 

Sterilised air for refridbrating rooms, 
214.*- 

Stiek*Ia‘c,*259. 

Stockholm tar, 102. - 

Stone, Al|m, 451; Analysis of. 451; 

‘Artificial, 154; Blue, 449 ; China, 
V61*; Cornish, 162; square system 
of cleansing beer, 218. 

“Stone, Vitriol,”* 23. * 
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Stones, Imitation precious, 172. 
Stoneware, 162; dazes for, 162. 
Stout, 220; Artificially coloured, 
206 ; Water for, 210. 

“Bloving," 283. 

Strass, 172. 

Straw, Charcoal from. 426. 

“Striking out" leather, 416. 

,, tin* colour of leather, 4It). 
“Stripping ' silk, 283. 

Strontia, 457; hurtling, 100; process, 
189; Sugar recovered from molasses 
by, 189. 

Strontianite, 190, 456. 

Strontium carbonate, 190. 

,, hydroxide for sugar re- i 

lining, 189. j 
», ,, Prcparat ion of, 

190, 457. 

,, nitrate, 456. 

,, salts, 456. 

Stucco, 143. 

Stuffed leather, 417. 

Stalling skins, 413. 

Styles of cotton printing, 361. 

Sty nix bnizoin, 259. 

“Sublimed white lead," 374. 
Substantive dyes, 2S9 ; Examples of, 
354. 

,, dyestuffs defined, 2S9. 
Succinic acid, 217 ; produced in 
acetic fermentation, 235. 

Surra lew. 188. 

Sucrose, Hydrolysis of, 197. 

Su erases, 176. 

Sudoriferous glands, 390 
Suet, 253. 

Sugar and starch, 179. 

Sugar, Beet, 179; licet, Diffusion 
process of extraction, 179; Beet, 
identical with Cane sugar, 192; 
Cube, 195; candy, 195. 

Sugar, Cane, 177 ; Composition of 
raw, 179; Extraction of, $77; 


Battery of cells for. 180; diffusion 
process, Cells for. ISO; extraction, 
Composition of sludge from beet, 
183; extraction. Diffusers for, 180; 
extraction from bed, 179; Fermen¬ 
tation of, 216 ; Fermentation of 
cane, 216; filtration, Twill twigs 
for, 192 ; First jet, 187 ; for 
diabetic patients, 197 ; Fruit, 197 ; 
in soap, 265 ; Invert, 197 ; Loaf, 
194 ; 1 oaves, 194 ; Lump, 195 ; 
Manufacture of starch, 196; Maple, 
191 . Moist, 192; “ Moist ’’ fraud 
nlentlv coloured, 194; Milk, 195; 
milk, 1’Vrmcntation of,216 : Minor 
sources of, 191 ; of fruits, 197 ; of 
load, Brown, 104 : Palm, 191 ; 
Preparation of, for the market, 
191 ; Rceovered from molasso* 
(sec Molit/Lic*). 

Sugar recovery, Aluminium sulphate 
uscil for, 191 ; Baryta mod lur, 
190; Lead oxide used for, 191 ; 
Strontium hydroxide tor, 189. 

Sugar refining, Animal charcoal used 
in. 193; Char for, 193; Evaporation 
of liquid in, 194; hydroilmuic 
acid, Use of, in, 439; Raw, 192. 
j Sugar, Seheibler's process for re- 
| covery of, from molasses, 189; 

, Solubility of milk, 195; .solution, 
j Filtration of. 192; Sorghum, 191; 
j Starch. 196; Tin in Demerara, 

| 191; Utilisation of uncrystalliHed, 

j 187: vinegar, 237; White, 195; 
j Yellow colour of, corrected, 195 ; 
1 Y ield of, from licet, 187. 

Sugars classified, 176. 

,, for brew iiig, 209. 

,, Nutnenclal ure of, 176. 

Suint, 276: Potash from, 455. 

Sulphate ultramarine, 365 9 

Sulphates. 449. 

Xulphazines, 323. 


Hydrolysis of, 197 ; Inversion of. Sulphide vessel, 74. • 

197; juice, Analysis of, r juice, Sulphite liquor, Spent, 368. 
Composition of’raw, 1 <8 , juice, ; ^ ^process for making wood 

Concentration of, 177. 1 pulp, 368. 

Sugar, Caramel, made from dar h, j Sulphites, Bleaching by, 283. 

197; Composition of raw, ; • Sulphoeyanide, Potassium, 462. 
Composition of refined, 195; Com j Sulphoglycorio acid, 431. 
position of starch, 197 ; Compounds ^ulpholignie acid, 368. 
c^ftdth alkaline eartJWT *’8 ; l>e- 1 Sulphonation, Process of, 292. 
colorisation of, 193; DcYcation of, | Sulphonie acid dyestuffs, Application 
; 1> 'edition iif, by; • of, 357. 

Dote cull on of,# b^ • ,, acids formed' 

ixl, 1 S3 , n!iei|dioii ! 215. 

1£4 ; defined, 176; Sulphur, 1 ; Black, 37‘ 

; diffusion process, | burners for vitriol 


^refining, 

a 

i ; Blue,.37i } 
uiakinA 5 J 


by blood, 193 
ozone, 184: 
Ran son’s mctlv 
of, Electrical, 
l^mctanA, 192 
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burners, Percentage of oxygen in 
gases from, 6; burners, Percentage 
of sulphur dioxide in gases from, 5. 

Sulphur chloride, *247, 465; process 
of vulcanisation. 261. 

Sulphur compounds in coal gas, 77 ; 
Determination of, 77. 

Sulphur dioxido and oxygen, Combi¬ 
nation of, 19. 

Sulphur dioxide, Bleaching by, 283 ; 
Boiling point of, 6; Conversion of, 
into sulphuric acid, 12; from 
blende, 6; from sulphuretted 
hydrogen, 6; Liquefied 6; manu¬ 
facture, 6 ; Percents ge of, in gases 
from sulphur burners, 5; for re¬ 
frigerators, 6; Percentage of, in 
pyrites gases, 3; Specific gravity 
of, 6. 

Sulphur, Distillation of, 425; Flowers 
of, 2; for gunpowder, 4*25; Igni¬ 
tion point of, 426 ; in spent oxide, 
74; in spent pyrites, 5; Methods 
of extracting, 1 ; Native, 1 ; Re¬ 
covered, 1, 38; recovery from 
alkali waste, 37; recovery from 
gas liquor, 85; Removal of, from 
oils, 131; sesquioxide, Use of, 298; 
sprinkled on hops, 210; “Venti¬ 
lated,” 2. 

Sulphuretted hydrogen in coal gas, 
77. 

,, „ Sulphur di¬ 

oxide from, 

6 . 

Sulphuric acid, Action of, on castor; 
oil, 252; Arsenic in, 18; Concen- 1 
tration of, 16 ; Contact process for, 
19; Conversion of sulphur dioxide 
into, 12; English, 23; for Gay- 
Lussac tower, 15; Fuming, 22, 23; 
Hydrolysis of fats by, 270; Im¬ 
purities in, 18; in vinegar, 237 ; 
manufacture (see Vitriol ); Mono- 
hydrate, 18; Nordlmusen, 22; 
“ Solidified,” 18 ; Specific gravity 
of, 18; Uso of, for oil Refining, 
245; Uses of fuming, 22. 

Sulphuric anhydride, 22. 

Sulphuring hops, 210. 

Sulphurised dyestuffs, 338. 

Sulphurous acid, Antiseptic, for bee^, 
219. 

Sumach, 400; Use of, in dyeing, 353. 

Sumachtannic acid, 396. 
Sunflowj)pr*o>£. 243. 

Sj'^esrjaosphate, 117; “Double,” 
HR; Evaluation of, 119; from 
home ash, 121; Reversion of, 119. 


Surrogates for rubber, 261. 

Suspender liquor, Composition of, 
411. 

Suspenders, 410. 

Swarf, 304. 

Sweat glands, 390. 

Sweat, Wool, 276. 

Sweating hides, 407. 

Sweetened gin, 230. 

Sweet fennel, 230. 

Sweetmeats, Dextrose for, 197. 

Sweet process of starch extraction, 

201 . 

Sweet-water, 273. 

Sylvestrene, 257. 

Synthetic dyestuffs, Organic, 292. 

T 

Tallow, 258 ; Beef, 244, 253 ; dips, 
268; group, Oils of the, 244; 
Mutton, 244, 253 ; oil, 244. 

Tan liquors, Acids in, 401. 

Tan, Spent, 403; Application of, in 
making white lead, 371. 

Tank liquor, Analysis of, 33; Car- 
bonation of, 33; Evaporation of, 
34; Purifying, for caustic soda, 35. 

Tank waste, 33, 37; Treatment of, 
37. 

Tanneries, Water for, 395. 

Tannic acid, Preparation of, 397; 
Properties of, 397; Use of, in dye¬ 
ing, 353. 

Tannin, Absorption of, by hides, 418; 
Alcohol, 397 ; Consent of, in 
leather, 419 ; Crystal, 397 ; defined, 
396; Ether, 397 ; Extraction of, 
from galls, 397; Fixing, in leather, 
416; in hops, 209; Use of, in 
dyeing, 353 ; Water, 397. 

Tanning, Chrome, 413 ; Combined 
mineral and vegetable, 414; Elec¬ 
tee, 411; “Extracts” for, 403 ; 
Finishing processes in, 416 ; Func¬ 
tion of.,acids in, 410; Iron, 414 ; 
materials, Analysis of, 402 ; Pre¬ 
paratory, processes in, 404 ; 
processed, 409 ; processes classified, 
J189 ; processes, Rapid, 411 ; 
Softening processes ir., 407 ; Sour, 
411 ; Theory of, 413 ; with alum, 
413;* Me mineral salts, 413* . ith 
oils, 415. 

Tannins, Bl^m deposifiod by, 398; 
Glassification of, 398 ; Nomencla- 
tuije «f, 396 ; Pathological, 398 ; 
Pyrocatechol, 3#8; Pyrogallol, 398; 
Physiological, 398*. # 
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Tanstuffs, 396 ; Analysis of, 40‘2 ; 
classified, 398 ; Extraction of, 402 ; 
non-tannins in, Character of, 401 ; 
Mineral suits used as, 404 ; Oils 
used as, 404. 

Taps, 402. 

Tar acids, S9. 

Tar, Beekton, Composition of, coal, 
87 ; Black, 111; Coal, 85 ; Consti¬ 
tuents of coal, 85 ; Crude naphtha 
from coal, 87 ; Distillation of coal, 
86; distillation, Products from 
coal, 87 ; Enriching gas hy, 83 ; 
First runnings from coal, 87 ; from 
cannel, SI ; Light oil from coal, 87; 
Naphthalene yield from, 90 ; 
Russian, 102; Stockholm, 102; 
“ Vitriol,” 111 ; “ vitriol,” Rave's 
treatment of, 111 ; Wood, 102; 
Yield of, hy different coals, 86; 
Y'iold of, from Simon-Curves oven, 
97. 

Tartar, 444. 


Thiocarhanilide, 341. 

Thioeartmne, 357. 

Thiocyanate,. Potassium, 462. 
Thionine, 323. 

Thiosulphate, Calcium, 384. 

“ Thirty per cent.” anthracene, 92. 
Thorium oxide, 79. 

Tiles, 158 ; Encaustic, 158. 

Til seed, 249. 

Timber preservatives, 134. 

Tincul, 440. 

Tin crystals, Use of, in dyeing, 352. 
„ in Demarara sugar, 194. 

,, mordants, 352. 

salts for weighting silk, 285. 
Titan red, 351. 

,, yellow. 357. 

Titanium oxide as tanning agent, 413. 
Tiza. 441. 

Toluene a source of artificial oil of 
hitter almonds, 258. 

,, Boiling point of, 88 . 

„ sulphonic acids, 446. 


Tartar emetic, Use of, in dyeing, 352. Toluidine, 305. 

Tartaric acid, 414 ; in grapes, 222 ; ■ Tolusafranine, 319. 

Use of, in dyeing, 351. Toluyleue blue, 322, 333. 

Tartrate, Aniline, 331; Calcium, 444. ,, orange, 354. 

Tartrazine, 329. ,, red, 318. 

Tartrazines, 329. Tonite, 430. 

Tawing, 413. Top fermentation, 215 ; of wine, 222. 

Taylor filter, 192. “Topping” with basic colours, 355. 

Temperature measured by Seger's j Top yeast, 216. 
cones, 160. Toughened glass, 170; Siemens’, 170. 


Terebene, 257. Tow, 281. 

Terebenthene, 257. Tower, Gay-Lussac, 8 ; Clover, 7. 

Tenniiialiu c helm la, 399. “Towers, (frailnation,” 26. 

Terpenes, 257. Train oil, 255. 

Terre vrte, 381. Trass, 153. 

Tetrabrornolluoreseein, 313. Treacle, 178, 194; Analysis of, 178. 

Totrahydroxykntbra<|uinones, 1401. Triamidoazobenzeno, 291. 
Tetraiodofluorescein, 314. Triamidotriphenyl carbinol, 303. 

Tetraiodopyrrol, 114. Tricalcium saecharato, 188. 

Tetramethykliamidobenzophonone, Trihydroxy-benzoic acid, 337- 

309, 328. « Trihydroxytriphenylmothane dye- 

Tetramethylindamine sulphosulpho- stufls, 310. 

nate, 325. * Trillo, 400. 

Tetrazo-eompoumis defined 295. Trimethyiamine from boot juioe, 179. 

Tetrazodiphenyl chloride, 296. * hydrochloride, 455. 

Tetrazo-dyestuffs, 294 ^Formation .Trimming hides, 407. 

0 f 095 , Trinidad asphaltum, 135. 

Textile tibri*, ‘J75 ; Grasses as, 200. \ Trinitrophenol, 292. 

Thallium glass, 174. # . j Triphimylmethanoearbinolorthocar- 

ThftLUi most oue, 143. f boxy lie acid, 312. 

Thermometer of constant tmo point, Triphenylmethane Derivativos of, 
174 t i #305; Derivatives (dyestuffs), 302 j 

Thermometers. Glass id, 174. # V Formation of, 3()5. 

Thiszines, 323. % g • 1 Triphenylrosaniline, 30fT ^y 

Thickening agents for calico-prifting, 1 Triple ofleet evaporators, 184. 

* 1112 . « • j Trisazo-compounds defined, 29^ 
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Tropseolin 0, 294. 

,7 Y, 294. 

Tufa, Analysis of volcanic, 153. 
Tumbling hides, 412. 

Turkey-red dyeing, 301. 

,, oil, 252. 

Turkish boracite, 440. 

Turmeric, 346. 

Turnbull’s blue, 378. 

Turner’s yellow, 383. 

Turnips. Spirit from, 231. 

Turpentine, 256 ; as oxygen carrier, 
131; Oil of, for denaturing spirit, 
235 ; Spirits of, 256. 

Turpentines, resins, caoutchouc, 256. 
Turps, 256. 

Tuscany boric acid, 440. 

Tussur silk, 277- 

Twill bags for sugar filtration, 192. 

u 

Uebel’s nitric acid process, 11. 
Ultramarine, 375 ; Analysis of, 3/7 ; 
Artificial, 375 ; ob a colour correc 
tive, ‘.'02, 286, 377 ; Bleaching of, 
by acids, 376 ; Blue, 375 ; for cor¬ 
recting yellow tints, 365; Green, 
376; Green, converted into blue, 
376 ; Knapp’s theory of the colour 
of, 376; Potassium, 377 ; Silver, 
377; Soda, 375; Sulphate, 375; 
Uses of, 377. 

Umbers, 385. 

Uncaria gambicr , 400. 

Underbaek,” 213. 

Underburnt cement clinker, 151. 

“ Underlets,” 211. 

“ Underproof,” 2114. 

“ Ungumming ” silk, 283. 

Unhairing hides, 405. 

“ Unfcn goods,” 356. 

Union method of cleansing beer, 218. 
Unorganised farments, 204. 
Unsaturated fatty acids, Oils con¬ 
taining, 242. v 

U.P., 234. 

Uranium glass, 173, 174. 

oxide pigment for glass, 
” 174. 


Vacuum pW 185 
VaJerigfawia, 239. 
Valonia, 399. 
Vale’s process, 74. 


Valuation of ammoniacal liquor, 85. 

,, coal gas, 76. 

,, gas liquor, 84. 

“ manganese,” 40. 

Vanadium c 9 mpounds, Application 
of, 331. 

Vanillin in beet juice, 179. 

Varnishes, 262; Denatured spirit 
for, 235 ; Nitrated cellulose, 263; 
Spirit, 263. 

“ Vat ” dyeing with indigo, 342. 

Copperas, for dyeing with 
indigo, 342. 

Hydrosulphite, for dyeing 
with indigo, 343. 

Woad, for dyeing with 
indigo, 342. 

Vats, Vinegar, 236. 

Vaseline, 131; Decolorising, 461; 
from Russian petroleum, 133; 
Spurious, 131. 

Vegetable black, 386. 

„ fibres, Animal fibres dis¬ 

tinguished from, 277. 

,, oils, Winning and refin¬ 

ing of, 245. 

Vehicles for paints, 387. 

Vellum, 416. 

Venetian red, 384. 

Verdigris, 381 ; “Distilled,’ 381. 
Verditer, Blue, 379; Green, 381. 
Vermilion, 383; Antimony, 384. 
Vermilionettes, 387. 

Victoria blue, 309, 326. 

Vidal black, 338. 

Vinasse, 455. 

Vinegar, 235; Ale, 237; Caramel for 
colouring, 197; Cider, 237; cel. 
237; Factitious, from acetic acid. 
238; fly, 237 ; from malt, 236 
Malt, 238; Mother of, 235; Or 
leans process for making, 235 
Perry, 237 ; process, Beech shav 
irws for, 236; process, Quick, 236 
process, Slow, 235; “Proof, 237 , 
Sugkr, 237; Sulphuric acid in, 
237 ; l$ade designation of quality 
of, 237 ; vats, 236; White malt, 
238; wide, Composition of, 238. 
Vines, Antiseptics for, 221. 

ViVgin oil, 217. * 4 

Viscosimetry, Standard of, 248. 

I Viscosit* imparted to oils, 251.,#; 

* ,, Oils of high, 243. 

Vitreous arsenic, 442. €■ 

Vitriol, Bl&k, 450; Blue, 449; 
4 Brown'oil of, 16. 

Vitriol chamber, Reactions in, 12, 
13, 14. * 
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Vitriol chambers, Acid “drips” in, 
16 ; “ Curtains ” of, 7 ; Lead lor, 

7 ; Saucers of, 7. 

Vitriol, Concentration of, 16. 

,, ,, in cast iron, 17. i 

,, ,, in 1 glass stills, 

17. 

,, lead pans, 16. 

,, ,, platinum stills, 

i7. 

,, Corrosion of platinum by, 17. 
,, Gold-lined stills for, 17. 

,. Green, 460. 

making, Causes of 1 ujs of 
nitre in, 14. 

,, ,, Nitric acid in, 15. 

,, , Plant for, 3. 

,, Process of, 3. 

,, ,, Quantity of nitre 

used in, 14. 

„ ,, Regulation of. by 

Alkali Act, 16. 

,, ,, Water spray in, 13. 

Nitrous, 15. 

,, pans, Quality of lead for, 16. 

Purification of, 18. 

,, Haw materials for, 1. 

,, “shales.” 23. 

., “stone,” 23. 

,, “tar,” 111. 

,, Rave’s treatment of, 

111. 

„ White, 450. 

Vitriols, 440. 

Volcanic tufa, Analysis of, 153. 
Vulcanisation of rubber. 261. 

,, Sulphur chloride pro¬ 
cess for, 261. 

Vulcanised caoutchouc, *261. 

,, rubber, *261 isee also 
Rubber). 

Vulcanite, ‘261. 


w 


I 


Walnot oil, 243. 

Warble marks. Prevention of, 394. 
Wash, Composition of wlaskey, 2*26. 
,, leather, 415. 

,, Spen^ 2|0; as a iodder, 232. 
Washer, Gas, 73. « , 

Washing soda, 34. 

Wa3tP| alkali, Analysis of, 37. 

*> Sulphur r^overy from, 

„ 'lreatmert otyi % 

„ Tank, 33. 37. • 

^ Treatment of, 37. ^ 


Water, alkaline. Effect of, in brew¬ 
ing, 214. 

„ Burton, 210. 

„ *• Rurioniaing,'* 211. 

“ Water fall M malt screen. 207. 

Water for black beer, 210. 

„ brewing, 210 ; Advantage 

of the presence of cal¬ 

cium sulphate in, 214; 
Analysis of, 210; Effect 
of sodium chloride in, 
214. 

„ „ dyeing, 364. 

,, ,, mild ale, 210. 

,, ,, pale ale, 210. 

„ stout , 210. 

,, ,. tanneries, 395. 

,, gas, Energy absorbed in pro* 
d notion of, 81. 

,, ,, Manufacture of, 81. 

,, glass, 155. 

,, hard. Objections to, in tan¬ 
neries, 396. 

,, Influence of, on mashing and 
boiling in brewing, 214. 

,, in soap, 265. 

,, in wood. Percentage of, 97. 

,, London deep well, 210. 

seals prevented from freezing, 
274. 

,, spray in vitriol making, 13. 

,, tannin, 397. 

Waterproofed matches. 437. 

| Waters rendered lit for brewing, 
jin. 

Water-white kerosene, 131. 

| Wattle bark, 400. 

| Wax, Adulterations of, 256 ; Bleach¬ 
ing of, 256, 268 ; Chromic acid for 
bleaching, 256; for candles, ‘268 ; 
.Japan, 243 ; Melting point of 
paraffin, 112; Myrtle,243; Paraffin, 
112 ; Paraffin from jwtrdeum, 
131 ; Paraffin in Russian petro¬ 
leum, 133 ; Propqfties of, 250 } 
Sealing, 259. 

Waxes defined, 241. 

difference <*f, from fats, 241. 
,, Hydrolysis of, 241. 

I ,, Liquid, 244. 

„ Solid, 244. 

| ,, Winning of vegetable, 245. 
j^Vebb and Guttrnann’s process, 17. 
i Weed, Orchella, 347 ; Orchil, 347. 
Weighting silk. 285. 

Weld, 346. 

Weldon manganese recov^ flroa 
42. ^ 

,, mud, Compositior/of, 4|f. 


[peek 




-‘oigas purification; 75 

” 8EK"* 0henl ‘8irji of, 43. 

„ hino f Prooeas, Chlorine 
recovery by, 55 

” *S£il > Z« otetU ’ m 

|“ b ™:'7 7 9 9:man0e8 ’ 79 ' 

“ d «ail prooeas, 89. 
384 ° f makin « ver milion, 

wh e i‘i«:^ a 

” 01 244 44, 264 ’’ grou P' 0iI * of . 

Wheat starch, 200. 

Whiskey 2 2 S;C tent ° faI | 

fJi , Dlym g malt for- 225; For- 1 
mentation of wort for, 226 ; Frac 

‘r,' 10 r f ' 228; F "rf»ral in, 227 . 

Fuael oil in, 227; Irish. 225, 227 •’ 
Maahmg malt for, 226; Maturing 

St'ilffor, ^6^stiTl 3 : Fro?l 0h ’ 2 “ ; 
vented in h’» '' ^‘'fig pre- 


vented in, by soap, ajj*. 1 o.fi'il 
^otie acid from, 226 ; * Use of 

*37P° ask for storing 0^27 
^■asMIomposition of, 226 ; Wort 

White acid, 439. 

White areenie 44i; for curing hides, J 

turoof ttr8enic H 

White galis, 397. ' 

i, leather, 413. 

Sjf.Y’ ? 70 i Adulterants of, 
"ftrytes in, 373 : Bischof 
method of making, S7I1; Caledonian 

■37?: r^u bar method °f making. 
uWi. Cliehy process „f making, 

; ,374, Composition of, 373 ; Dutch 

37? ; Su nuf " !t " re , Chemistry of, 
371 Milner a process of making, 

mak ng P n e 4 lp ’If t,nn P™ »os of 

Sf by m lT, t,on of P° i8on - 

• y ’ .l'7 * fetaok process of 

making, .470; “Sublimed,” 374. 

W hits pigments, 370. 

” »» containing lead 

373. 

•i sour, 285. 

>7 sugar 194 

. vj il0 l, 450. 

»’ ^ lne > Vinegar from, 236. 

'It “ wo » ^74 ( 8ee also iTinc u’A^e). 


.lit.wash 375, ’ «'■ 

Whiting, 375. 

Winh m ot . ion of Pandle, 267.. 

^WM’'sTk 8 ffl ^" fCand ' e ’ 268 ' 

Willow bark, 415. 

236’- 8h ? Viag8 for clarifying, 

L™’ Bottomi fermentation of,' 222- 

of fir- d fi Ur n d ’! 23 ’ 347: Cross 
nLt^of P fi " ed ' 220 ; Effeot of 
?f 223° f ET UP ? n fermen lation 
T 224 ’ , ex °f genuine, 223 • 

Influence of temperature on pro? 
of ^° f T 22 V f °P fermentation 

red 22l’- T ent ot P 68 f°r 
white 221 ?^ atment „<>f grapes for 

Composition of,^^W^te vinegar* 

^:ZkX iolhr ^ hL - 

Wines, Analysis of. 223- Annl,r«,;.» 

Fo f f'fi 1 !r ed, oo 23 * bouquet of, 223 • 
Fortified, 223 ; Keeping prop 4 ' 
to* of red, 222; LbV Zl . 
Plastered, 224 * ™ ’ 

W 258 er ?m°''f S£* Artificial oil of, 
ur r™ i ,°il of, 258, 446. 
w ithente, 457. 

Witt’s theory of dyestuffs, 292. 

"s&z&k™ i ° r ^ with 

Wold’s process, 191. 

Wood ashes as manure, 124 • 
«shes Potash from, 455 ; Bar 345 ’■ 
Brazil, 34.5 , Cam, 345 ; Carbonis-’ 
■Og, m kilns, 99; Carbonising in 
retorts, 100; charcoal forpuri&ng 
of'97 2 ?r j ^‘motive distillation 
!?[i distillation, Yield of acetic 

acid by, 104 ; distillation, Yield of 
products from, 101 ; Kxotherrabj 

d oeompos.t,onof,l05;Fn 8 tet,346? 

& Analysis of, 105; Lima, 345; 
nii J ?”f' lol '' re of paper from, 366 ■ 
naphtha, 103; naphtha, Denaturing 
alcohol by, 234 ; Peach, 345 ; Per? 
contago-qf water in, 97. 

^ing lp ’3fi| lciU ™:, bi8ul Pbito for 
«making 368 ; Chemical, 366 ; 

Effect of light on nieotianical, 366; 
Magn^mom bisulphite for making, 

•«>8; Mechamcal, 366 ; ',6dmS 
sulphide for making, 3S8 ; Sulphite 
nrooess fSt- making, $58 ; Yie& 


"UP. , 

Wo&J rendered fireproof, 155. 

Wood, Santal, -345; ^pan (j 345 ; 
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spirit, 1&3; spirit# Composition qI, 
104; Stainirfg, 450; tar, 102; tar 
creosote, 102 ; wool, 281 ; Yellow 
Brazilian, 345 ^yield of charcoal 
from, 99, 101 j Yield of oxalic acid 
from, 443. * 

Wool, Action of alkali on, 290; 
bleaching, 282; Cotton, 278 ; 

Diseased, n 275; Dyeing, with 
acid colours, 357 ; Eyeing, with 
baric-colours, 357; Dyeing, M idi 
direct dyes, 356; Dyeing, with 
mordant colours, 358 ; fat, 276 ; | 
fibre Analysis of, 276; fibres,; 
Length of, 275 ; fibres, Properties • 
of, 277; Class, 281 ; grease, 276; 
Hygroscopic character of, 276 ; 
Moisture in, 278 ; printing, 363 ; 
Raw, 276 ; Slag, 281; “Staple” of, j 

275 ; Structure of, 275 ; sweat, | 

276 ; washing, 276 ; Wood, 281 ; 
Yellowing of, by soap, 283. 

Wormwood, 230. 

Wort. 211; Analysis of, 214; Attenu¬ 
ation of, 215 ; boiling in browing, 
213 ; cooling in brewing, 213 ; 
Fermentation of, 214; for whiskey, 
226 ; for whiskey. Fermentation 
of, 226 ; “ Pitching,” 215. 


Proportion of, used in brewing, 
~14 ; pure, Cultivation of, 218 ; * 
. reproduction of, Conditions in¬ 
fluencing, 215; Top, 216. 

Yeasts, 204. 

Yellow,'Alizarin, 359. 

,, arsenic, 406. 

,, colour i in parted to margarine, 
254. 

,, colour of bleached cotton 

• corrected, 286. 

,, pho>j)liorus, Properties of. 

434. 

,, pigments, 381. 

„ prussiato of potash, 4G1, 462. 

,, tint of Htaroh corrected, 

202 . 

,, Titan, 357. 

,, vegetable colours, 345. 

,, wax from petroleum, 132 

,, wood, Brazilian, 345. 

Yellowing of wool by soap, 283. 

Yolk, 276 ; Pol ash from, 455. 

Yolk of egg used in tanning, 413. 
Yorkshire grease. 276. 

Young and l.eilby retort for sliale 
distillation, 103, 109. 

„ Cross and, cyanide process, 

462. 

fustic, 346. 
wine, 222. 


Xanthine in beet juice, 179. 
Xanthorhamnin, 846. 

Xylene, Boiling point of, 88. 
Xylidine, 305. 


Yaryan evaporator, 185. 

Yeast, 215 ; Analysis of, 216; Analy- j 
sis of ash of, 216 ; Bacteria in, 2Ls ; j 
Bottom, 217; Characteristics *of 
good. 218 ; Condition of mu# for 
rapid propagation of, 217, Fndo- 
genous division of, 215 ; Fission of, | 
215 ; for distilleries, 226^ < lemma- j 
tion of, 215; Moulds in, 218;' 


Zaffuk, 379. 

Zambesi blues, 354. 
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BOKKKBS POP SULPHCB. 

pyrites, the burnt residuum usually containing from 2 to 3 per. 
cent, as basic ferrous sulphate, and suljlhates of m*tals such as, 
pine and copper, the oxides of which are stronger bases than 
ferric oxide. In the case of cupriferous pyrites, which is burnt 
and returned to the copper smelter, it is not desirable to burn- 
the whole of the sulphur, as for the extraction of copper there 
should be present 1 to 1£ times its weight of sulphur. If, on 
the other hand, the ore is poor in copper and intended to be 
extracted by the wet way, roasting as completely as possible is 
sure to leave enough sulphur (see Copper, Vol. I.). 

Not only do the smaller fragments of crushed pyrites need to 
be burnt in furnaces different from those used for lump pyrites, 
but spent purifier from gas works (see Destructive distillation, 
Vol. II., Chap. IK.) has also to be treated in a similar manner; 
The burner for smalls must he so arranged that the material 
is spread in a fairly thin layer, inasmuch as the kiln form, 
described above, would be speedily choked. The emails 
"burner is shown at C in Fig. 1. It consists of a rectangular 
firebrick box provided with horizontal fireclay shelves, so, 
arranged that the smalls can be raked from one to the next ■ 
below by a rake inserted through'the opening. The small* 
are fed in through the hopper, 13 , and when they have been 
distributed on the shelves the combustion is started by the 
fire on the grate, E. The smalls, when once ignited, evolve 
sufficient heat to maintain the combustion. When the burner 
is working normally the whole of the necessary air is admitted 
through the lowest door, and the smalls are only completely 
burnt on reaching the lowest shelf, at which stage the burnt 
material contains from 1 to 2-5 per cent, of sulphur. Various 
mechanical burners for pyrites smalls have been devised, the 
object in view being to keep the pyrites stirred, and thus con¬ 
stantly expose fresh surfaces to oxidation, but they have not 
met with extended application, as they tend to clog with the 
fine dust. 

"When vitriol is made from sulphur, the simplest form of 
burner consists of an iron tray, on which sulphur is thrown 
from time to time, and there volatilised and burnt. In better 
forms of burner, provision has to be made for the complete com¬ 
bustion of Such sulphur as is sublimed. This is effected by the 
addition of firebrick towers into which a subsidiary supply of air 
is introduced to cause complete combustion. When sulphur, 
instead of pyrites is used, the air is required to oxidise S only, 
and not Fe as in the latter case, whence it results that tjie exit 
leases arqj^icher in S0 2 and poorer in N thanstnose from pyrites: 
humors, the difference is indicated by the fact that gases from 
’sulphur burners contain 11 per cent, of SO a as compared with 
0 per cent, from pyrites burners. The amount of t'eeyox^eti 
'Is ahout 10 per cent., the balance being, of course, o'trogep^ 
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Another scarce of SO* for the manufacture of sulphuric acibp' 
i* sine blenfJe (see Zinc, Vol. I.), which is roasted in muffi! 
furnaces heated by generator gases and provided with heatingd 
ehannels for warming the in-coming air so as to insure the com-1 
plete oxidation of the S of the blende. In order the better to 
attain this end, the roasting is done systematically, the ore 
being transferred from one muffle to the next through a series. 

Sulphuretted hydrogen, such as is produced from alkali waste (see 
Alkali, Vol. II.) or by the neutralisation of crude ammoniacal liquor 
from gas works, can be burnt to SO, and water, and used as a raw- 
material in the production of sulphuric acid. 

Sulphur dioxide is frequently made by the methods described 
above for producing sulphurous acid and sulphites, which are much 
used in paper-pulp making (q.v. Yol. II.). Where a solution of 
sulphurous acid is alone required, the kiln gases are scrubbed with 
a small amount of water (which soon becomes saturated), and are 
absorbed in cold water flowing down a coke tower. To prepare 
liquid S0 2 , however, it is necessary to obtain the gas free from 
admixed nitrogen, in order that its partial pressure may be as high 
as possible. For this purpose the solution of sulphurous acid in 
water is heated in leaden retoits, and the S0 2 thus expelled is 
dried by scrubbing with vitriol, and is compressed in an ordinary 
gas compressor, about 2-5 atmospheres being required. The liquid • 
S0 2 is collected in iron and copper cylipders and drums, and, 
for small quantities, in stout glass bottles. The liquid has a 
specific gravity of about 1 -4, and boils under atmospheric pressure 
at - 10“ 0. = 14° F. It is used as a convenient and compact 
lource of the gas in many industries, and in some refrigerating 
ilants, where it is serviceable only by reason of the fact that it 
rolatiiises easily, absorbing a large amount of heat in so doing. 

The chief sulphites commercially used are sodium bisulphite, 
SaHSOj, prepared by saturating soda crystals with SO,, and 
lormal sodium sulphite, Na 2 S0 3 , 7H 2 0, which is prepared by 
tdding sodium carbonate solution to a solution of the bisulphite. 
Hie bisulphite is the less soluble, and finds application as an 
mtichlor. Calcium bisulphite, CaH 2 (S0 3 ) 2 , prepared similarly, 
s sold, in solution, for brewers’ use as a disinfectant, and, as 
roll as magnesium bisulphite, MgH,(S0 3 ) 2 , is also largely used 
n paper making by the sulphite method (q.v.). 

In the manufacture of sulphuric acid, tiowever the S0 2 may 
lave been produced, it is led by a flue, F (Fig. 1), common to a set 
if burners, to the Glover tower (v.i.). In this flue one or more 
usually two) nitre pots, G, are set. These consist of east-iron 
vessels) generall^qylinfirical, placed in the flue beneatlj hoppers 
hrough which the nitre (sodium nitrate) is charged ift quantity 
if about half a cwt., sulphuric acid being introduced through 
JAfcaped siphon tubes, which servfi as traps, to decompose the 

tifa*A.fcA ttnrl lihevat,A nitriP. anifl- Tim rtrifa ora fifrfnrl wi+.ti a 
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^ipe* running through the wall of th flue, «*!T555j>s thefffljj 
wt Ire-cake (NaHS0 4 ) can be drawn ‘ i' When the Warge is ex^ 
hausted. The heat of the burner gasr t which have gB adilimBB l 
<»f about 300° C. = 572° F., is alsoijsometimes utilised for con¬ 
centrating chamber acid (v.i.). Muchffiust is liable to be deposited 
in the flue, particularly when pyritesSmalls and arsenical ores are 
burnt. Where this deposit is large, Jb is needful to lead the flue 
into a dust chamber before it enters the Glover tower. This 
chamber is an enlargement of the flu<| provided with baffle plates, 
in which the rate of the current of gases is diminished, and the 
stream mechanically broken up so thug the dust is thrown down. 
In works where chamber acid alone is'Jnade, and the Glover tower 
dispensed with (v.i), it is necessary to'cool the burner gases before 
they enter the lead chambers, which ijs effected by greatly pro¬ 
longing the burner flue, in which case; tire dust deposits in this 
prolonga tion. The flue dust consists'mainly of burnt ore me- 
chatdyjgf carried over, mixed with Volatile impurities, chief 
being arsenious oxide an® sulphuric acid (from the 
df Position of sulphates of iron formed in roasting the pyrites). 
/_ *e Glover Tower, H (see Fig. 1J—the function of which, in 
's '! reactions involved in the manufacture of vitriol, will be dealt 
,/ith later—is a strong structure, scyaare or circular in section, with 
leaden walls lined with refractorjf and acid-proof firebrick, and 
filled with some acid- and heat-resisting material, such as flint or 
firebrick, arranged so as to distribute evenly liquid trickling down 
the tower; it is supported on brick arches, underneath which the 


pyrites flue enters the tower. The upper part of the tower, where 
the temperature is lower, may consist, as shown in the figure, of a . 
plate column such as that described under the head Chambers. At 
the top of the Glover tower is a tank containing the chamber acid 
and the nitrous vitriol from the Gay-Lussac tower (v.i.); this tank 
supplies a distributing arrangement, such as a lead or glass wheel, 
K, worked by the reaction of the acid flowing from its radial armq,. 
The exit pipe, L, for the gases which ascend the tower is at the 
top, and is connected with the first chamber. 

Vitriol chambers are invariably made of lead—generally of a 
thickness corresponding with a weight of about 6 lbs. per square 
foot—and consist of rectangular “ curtains” standing in “saucers,” 
which are large, flat trays, the edges of whicli are turned up to a 
height of 12 \o 15 inches. The sheets of lead composing the curtain, 
and those of which the saucers are made, are autogenously soldered 
(“ burnt ”) by means of a hydrogen flame fed with a blast of air 
(see Vol. I ), and are fastened to the framework of wood whioh 
; supports them by lead straps—themselves “ b^rnt " on 4.0 the 
Iqpd—attached to the wood by nails coated with lead. The whole 
arrangement resembles a box with'a loosely-fitting lid turned up¬ 
side down, and is shown in section across the longer axis of 
»at]M. The whole is gas tight, on account of the saucet*co\taining 
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■‘the top contains vitriol of' Aecifio gravity l-fs (81'5 pe* 
cent. HjSOj), which is raised A this position frJiu the “abid 
«gg” shown at 0 in Fig. m The method which it is 
raised involves the use of no ifiving parts, compressed air being 
forced into the egg, and drivffg the acid up the pipe leading 
therefrom to the tank at the Bp of the Gay-Lussac tower. The 
acid flows from the cistern in® a distributor similar to that used 
for the Glover tower, and ahSuly described. Where two Gay- 
Lussac towers are employed, tit gases pass from the top of the 
first into the bottom of the {igcond. In either case, a proper 
draught is secured by a pipe, IVii'iilining from the top of the Gay-. 
Lussac tower to a chimney shaft; Inasmuch as the acid which has 
passed down the Gay-Lussac tiflier has to be raised to the top of 
the Glover tower by an acid eg|. like that already described, it is 
customary to build the towers siiil by side. 

Manufacture of Nitric) Aoi<§g-In those vitriol works in which, 
nitric acid is used as such (v.i.), instead of being generated on the 
spot in nitre pots as described aijbve, an apparatus for its produc¬ 
tion necessarily forms a part of tj|c plant. As this is similar to the 
plant employed by makers of tbwacid for other purposes, it will be 
described here. In all cases, it fe made by heating sodium nitrate 
with strong sulphuric acid in c#t-iron retorts. In English works 
these are generally horizontal cylinders, S feet x 2 feet, closed at 
each end by a sandstone slay (Yorkshire flags), one end being 
permanently affixed and provided with an exit pipe for the acid 
vapours, the other end serving as a charging door. Nitric acid has 
but little action on the iron, provided it be strong; if weak, a 
■considerable action occurs. For this reason the whole of the 
retort should be kept hot to prevent the aqueous acid condensing 
on its upper part, a proceeding preferable to lining the upper part 
with firebrick, as is sometimes practised. The high temperature of 
the upper part of this still is secured by an appropriate setting of: 
the cy Under in its furnace. The quanti ty of nitric acid obtainable 
by the use of any given weight of sulphuric acid depends primarily 
upon the temperature employed. Thus, if the temperature be 
comparatively low, the reaction occurs between equal molecular 
proportions of sodium nitrate and sulphuric acid. Thus- 
NaNO s + H.SOj = HNO a - NaHS0 4 , 

whereas wfien it is higher two molecules of nitric acid are 
liberated by one of sulphuric, 

2NaNO„ +■ H a S0 4 * 2HNO, + NoSO, 

In practice it is not economical to use proportions complying 
With eitljpr of these equations. For the firsty an undue amount 
ot"Sulphurii acid is needed,* and in the second case the high" 

; In soda works ample vitriol c*n be used with economy, for the residua; 

□lithe nitric acid Btill goes to the salt-cake furnace, and is thwe 

the full. .v/- 
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ItjSiiiperature‘decomposes much <f the nitric acid as soon as it 
is formed, anW, moreover, the sooium sulphate produced is solid, 
and even at high temperatures is difficult to' remove from the 
: PMrt>rt. Furthermore, it is not customary to use the strongest 
Commercial vitriol (specific gravity 1-84) because this has a 
^tendency to dehydrate the nitri; acid, producing oxiSes of 
nitrogen. The sulphuric acid actually employed is often of 
specific gravity 1-72 (79 per cent. H 2 S0 4 ), and is used to the 
extent of about 25 per cent, in excess of that required by the 
seoond equation, given above, in this case the residue in 
the retort (“nitre-cake”) is a mixture of Na.,SO, and NaHS0 4 , 
and is sufficiently liquid to run o it when the charge is worked 
off. The charge consists of 1J cwtx. sodium nitrate (95 per cent. 
NaN0 3 ) and about an equal weight of sulphuric acid of specific 
■gravity 1-72. The form of retort i lost in vogue on the Continent 
‘is a cast-iron cylindrical pot, 5 ft. x 5 ft., with a wide neck fitted 
with a cover, the whole being er. closed in a furnace so that con¬ 
densation may not occur at any part. A tube at the bottom of 
the retort serves for running oil'' the nitre-cake, and another at 
the shoulder as an exit for the acid vapours. 

The apparatus employed for condensing the acid usually con¬ 
sists of a number of two-necked stoneware Woulfe’s bottles. 
The acid which condenses in the first of these is the strongest, 
but the most impure, containing splashings from the retort 
and oxides of nitrogen. That at the far end of the series 
contains chlorine (from the chloride present in commercial 
sodium nitrate), and i3 comparatively weak. Any acid still 
uncondensed is caught in a tower or plate column, which, in 
the case of a plant attached to a vitriol works, is fed with 
sulphuric acid (specific gravity l - 75), and the resulting nitrous 
vitriol used in the Glover tower. Otherwise the tower is fed 
with water. The crude nitric acid when first condensed is red 
from the presence of oxides of nitrogen. For some industries 
this is an advantage, and indeed a so-called “nitrous acid” is 
made by the addition of reducing substances— e.g., starch and 
sulphur—to the charge. Where a colourless acid is required, 
however, the red acid is “bleached” by warming and blowing 
air through it, the gases evolved being caught in the tower 
mentioned above. When the acid is used in vitriol-works, this 
refining is unnecessary. 

The condensing process just described has several defects— 
the liability to fracture of the condensing pots, and the 
contamination of a great part of the acid with oxides of 
nitrogen. * # * , 

Moreover, the distillation is slow, and the yield of strong, 
aoid falls considerably below the theoretical limit, owing to the 
factfthatgtiih acid is not collected fractionally. These difficulties, 
'**■<> gaid be overcome by Guttmann’s method of condensation. 




Tfce quantity of polysulphate obtained is, of course, double tl.__ 
'With which the cycle was started. 

' In working the process, tVo stills, placed side bw s*le, fte 
Alternately charged with nitre and polysulphate, thq latter, 














ijig intrajiucBci graauauy wftUiit at a temperature of ISO 1 
160 C. (^248° to 30i F.). Th? still is then heated by fim 
SfHi** to a temperature of 170’ C. (338’ F.), nitric acid of 95 pei 
rtnt. distilling off in the meanwhile. In order to decomposi 
fclie last portions of nitre, the contents of the still are run int< 
i-third at a lower level, kept at a constant temperature o: 
spout 300’ C. = 572° F.; this still always contains some sodium 
bisulphate, When the whole of the charge has become bisul 
phate, the greater part of the latter is run off into a tank, 
together with sulphuric acid of specific gravity 1-71 (78 pei 
*nt. H 2 S0 4 ), sufficient to form the polysulplmte,- the watei 
fontained in the sulphuric acid being driven off by the heat 
jf the bisulphate. The polysulphate produced is run off into 
tots from which half of it is again introduced into the stills 
whilst still hot, the other halt" finding application in many 
ndustries instead of sulphuric acid. As soon as the first still 
ias been emptied into the tilin'., the second is charged, so that 
ihe process is practically continu ous, whereby fuel is saved. 

Several grades of nitric acid arc prepared for industrial use. 
Common aqua fortis is a dilute acid, and of specific gravity 1 ,3 j 
t contains about 45 per cent, of It is used for parting 

;old and silver, for preparing silver nitrate and for pickling metal 
..goods. A stronger acid, of specific gravity 1-42, containing 69 per 
cent. HNO s , is also employed for similar purposes. This corre¬ 
sponds with the hydrate 2HN0 S ,3H 2 0, and distils unchanged at 
120° C. = 248° F. at ordinary atmospheric pressure. A stronger 
..acid of specific gravity 1-5, containing 92 per cent, of HNO-, is 
also prepared, and is employed for nitration (see Explosives , Vol. II., 

■ Chap. XVII.). This acid boils at 86’0. = 187° F. with partial 
" decomposition into water, oxygen, and oxides of nitrogen, so that it 
eannot be distilled unchanged at the ordinary pressure. Prac¬ 
tically, anhydrous nitric acid can be prepared from any weak 
acid by distillation with strong sulphuric acid. The chief 
impurities in nitric acid, as commonly made, are sulphuric acid 
and sodium sulphate, chlorine, oxides of nitrogen, iodic acid 
and perchloric acid (from iodate and perchlorate in the sodium 
nitrate), and iron. 

Conversion of S0 2 into H 2 S0 4 .—The SO„, produced as 
already described in the pyrites "burners, passes into the Glover 
itower in company with nitric acid vapour from the nitre pots, 
and sufficient oxygen (derived from the excess of air neoessary 
to burn the pyrites). The reaction of S0 2 with nitric acid if 
according to the following equation:— 

2SO, + 2HNO„ + HjO = 2H.SO, + N a O a .f ‘ u 




in IB njfll'Himi OH&MBEB8. 

• Tbe feactions that occur in thHOlover toyer will 
Inter, and will be referred to agsBp. * 

As soon as tho gases; consistiiS of S0 2 , air, and NfO a , reach the 
chambers, they come in contactjSvith steam, which is injected by 
the jets (R, Fig. 1) supplied fffim a boiler. When fuel is dear;’ 
water-sjTrays forced under pressjte through platinum nozzles on to a 
’ platinum button, so as to “ puperise " the jet, have been used, but 
are liable to the objections tfjjbt they cool the chambers below 
40° 0. = 104° F.—the min§aum temperature for satisfactory 
working—and neither aid the draught nor promote the mixing of 
the chamber gases. The most parable explanation of the formation 
of sulphuric acid from these gaseij; and of the way in which the oxide 
of nitrogen serves as a carrier of atmospheric oxygen to the S0 2 is, 
that the S0 2 , N 2 O s , O, and fj 2 0 combine to form nitrosyl- 
sulphuric aoid, according to the.eqnation— 

2SO a + N a O a + O s -S' IJ 2 0 =2SO,|^ 0) . 

The substance thus produced maybe regarded as sulphuric acid in 
which an atom of hydrogen of one of the hydroxyl groups has been 
exchanged for the radicle (NO). ? Tn the event, of the atmosphere of 
the chambers being unduly dry, nitrosyl-sulphuric acid may be 
actually deposited as a white-mass (“chamber crystals”). In 
contact with more water, however, it splits up thus— 

2SOj(OH)(NO s ) + HjO = 2H s SO, + N 2 O s , 
the cycle of changes, being then repeated.* 

i It must not be supposed that the reactions in the vitriol 
chamber constitute such a regular cycle as has been indicated. 
Variations depending upon alteration of conditions, such as the 
relative mass of one or other of the reacting gases at any particular 
part of the chamber, and the temperature prevailing in different 
parts (portions near the wall being lower in temperature than 
those in the centre of the chamber) undoubtedly occur. The main 
point to be comprehended is, that one or more of the intermediate 

liberated under the conditions obtaining in vitriol making; tho equation 
must, -therefore, be modified thus— 

3SOj + 2HN0, + 2H,0 = 3H s !jO, + 2NO. 

Correspo ruling •alternative equations will be quoted for the reactions taking 
place at other stages of the process. 

* Adopting tho view that N,O s does not exist at tho temperature of the 
chamber (above 40° C. = 104 p F.), the equation would be— 

2SOj + 2N0j + 0 + HjO = 2S0^(0H)(S0 2 ). ^ 

The decomposition of this substance then takes place,*by its reacting with 
a turther quantity of SO s and water, thus— 

2SOj(OH)(NOj) + SOj,+ 2H,0 = 3H,SO, + 2N(b 
iffhe nitrogen dioxide is then regenerated by combir** 5 '" 1 
NO + 0 = NO,. 
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•;«kldes Of Nitrogen sejrve, by dint of their chemical mobility, »& 
'. camera ofoxygen from the air to S0 2 . The equations formerly 
supposed tcf represent these changes illustrate this fact in its 
- simplest form— 

NO + 0 NO,, 

SO, + NO, + H,0 ~ H,SO, + NO, 
the cycle being then repeated. 

However the sulphuric acid may be generated, it forms as a 
mist, which gradually rains down upon the bottom of the chamber, 
constituting the chamber acid refcred to hereafter. On account 
of the need for thorough intern ixture of the reacting gases, 
and of the condensing influence of a considerable surface upon 
them and upon the mist of suljhuric acid formed, it is found 
inexpedient to use one large chamber, two or more of moderate 
size being preferable, and, recently, small lead chambers, or even 
plate columns between larger chambers, as referred to above, have 
Steen tried with satisfactory remits. In any case, the cubic 
content of the chambers must be great (v.s.), because a large volume 
of iner-t nitrogen from the air has to he handled, and a rapid current 
of the gases is undesirable, as prohibiting the proper fulfilment of 
their interactions. In the last chamber, an excess of air and 
nitrous gases and but little S0. 2 should be present. The excess of 
air used to burn the pyrites (v.s.) should suffice for the complete 
final conversion of NO into N.,0, or NO,, as otherwise the re¬ 
covery of this gas cannot be effected in the Gay-Lussac tower, 
into which the exit gases from the chambers pass. 

The only permanent gas necessarily remaining after the forma¬ 
tion of II 2 S0 4 , is the nitrogen of the air. But for the presence of 
this gas, the manufacture of vitriol might almost he conducted in 
a closed space. Failing pure oxygen cheap enough to be used 
instead of air, it is necessary to provide some means of collecting 
the nitrogen oxides, which would otherwise be carried away with 
the nitrogen which escapes up the chimney stack. This is the 
more requisite as the nitrate employed is the most costly reagent 
used by the vitriol maker. In good practice, 3 to 4 parts of 
sodium nitrate are needed per 100 parts of sulphur burnt, this 
being entirely owing to the unavoidable loss, even when a Gay- 
Lussac tower is used. It will be understood that, in an ideal 
plant working with a perfect cycle of reactions, no nitrate after 
the first batch would be needed, but this state of things is never 
approached, not only on account of the mechanical loss by escape at 
the exit flue, and by dissolution in the chamber acid (in works where 
chamber acid iso used rithout concentration in the Glover tower), 
but also by reduction of a portion of the higher oxides 6f nitrogen 
to nitrous oxide and nitrogen, which are uuabsorhed in the 
C^y-Luss^c, and still further by some nitric oxide escaping 
conversion into higher oxides in the last chamber, and being# 
therefore, uupbsorbed in the Gay-Lussac. The Gay-Lussac tower 
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• has been already described. T 1 vitriol flawing dowiiit meets the 
exit gases, and absorbs therf Jbm the K 2 0 3 * fount? in the last 
chamber, combination ensur with the productitfh of nitrosyl- 
sulphuric acid, according to * ; e equation— 

2H 2 S0 4 + N 2 OaE 2S0 2 (OH)(NO 2 ) + H s O. 

The quantity of vitriol required for this purpose is considerable, 
amounting to about half the%ake of the chambers, because, if it 
be allowed to absorb too mucjjp? 8 0 3 , giving a product unduly rich 
in NjOj, a portion of the latttt is likely to escape. It must have 
a specific gravity of at leastg-72 (79 per cent. H 2 S0 4 ), weaker 
acid absorbing badly. The -Saturated acid (“nitrous vitriol”) 
running out at the foot of tlfs Gay-Lussac is pumped by means 
of an “acid egg” to the top|pf the Glover, and is there dis¬ 
tributed and allowed to flow,down the tower in the manner 
already described. p 

The nitrous vitriol, mixed with the chamber acid, meets the 
ascending burner gases and gives up its N.,0,. which is carried into 
the first chamber, reacting with, S0 2 anil HjO in the way previously 
mentioned. The vitriol flo wingjidown the G lover is thus deni trifled, 
and at the same time concentrated by the heat of the burner 
gases. A portion is cooled ii| leaden worms, and returned to the 
Gay-Lussac to act as an absoibent of N 2 O s , and the remainder is 
concentrated, or used without concentration, as may be required. 

It is usual on the Continent to substitute nitric acid which has 
been made by a separate plant (v.s.) for that evolved from the nitre 
pots used in English practice. Where a Glover tower is employed, 
nitric acid is passed down the tower, together with the chamber 
acid, and is there decomposed according to the equations given on 
p. 11. In the absence of a Glover tower, the nitric acid is run 
into the first chamber, but to avoid the corrosion of the lead it is 
received on a cascade of glass or stoneware, on which it is spread 
out in a thin layer, becoming entirely decomposed by the entering 
burner gases before it arrives at the floor of the chamber. The 
advantage of the use of nitric acid in place of nitre pots is that 
the regulation of the quantity of oxides of nitrogen in the 
chambers can be more easily effected according to the exigencies 
of working. Another plan for making good the Iosb of nitrate 
consists in introducing sodium nitrate into the Glover, but in 
this ease the vitriol produced is contaminated with sodium 
Sulphate. 

The acid which collects on the floors of the chambers (chamber 
aoid) must be continually tested during the working of the 
process, io ascertain its specific gravity. Should this exceed 
1*625 (70-7T per cent. H 2 S0 4 ), the lead is unduly attacked, and 
the acid retains considerable ^quantities of the oxides of nitrogen. 

, * Compare footnote, p. 12, for the doubts cast on the existincS of 
at the temperature of a vitriol chamber. 
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'Samples for'the test.are collected in leaden rain-gauges (see S, 
Fig 1) situated in different parts, of enth chamber, and con- 1 
hected with flue outside by a lead Siphon pipe. Each of these 
■“drips" is provided with an hydrometer, whereby the specific 
gravity of the acid is determined, and the amount of steam to 
be admitted ascertained. Usually 1 part by weight of Sulphur 
burnt requires 2-J parts of water as steam. The acid from the 
drips is generally stronger than that from the bottom of the 
chambers (“ bottom acid ”), chiefly because it is taken from the 
centre of the chamber, where the steam supply is smaller than at 
the sides. It is customary to connect the saucers of the various 
chambers by pipes, and to draw off the chamber acid through 
a lead box connected by a wide pipe with one of the chambers, 
and provided with an exit pipe which can bo opened or closed by 
a plug operated by a suitable handle. In order to control the 
production of SO, in the burners, and the consumption of sodium 
nitrate, the chambers aro provided with sights, through which 
their working can be judged by observing the colour of the gases 
they contain. The gas itt the last chamber should be fully red 
from the presence of an ample excess of nitrogen oxides and of 
oxygen. The Gay-Lussac tower is also provided with sights, and 
as a further check the exit gases are systematically collected and 
analysed. According to the regulations of the Alkali Act, the 
exit gases roust not have an acidity greater than that corre¬ 
sponding with the presence of 4 grains of S0 3 per cubic foot, 
but in good practice the amount escaping is considerably below 
this limit, being about 1'5 grains per cubic foot. 

CONCENTRATION.—The chamber acid is strong enough 
for some purposes, but generally it must bo concentrated. The 
passage of the chamber acid down the Glover tower concentrates 
it to a specific gravity of 1'72 (79 per cent. H„S0 4 ), but usually 
contaminates it with iron salts (derived from the dust from the 
pyrites burners), so that its further concentration in retorts 
(v.i.) cannot be economically effected on account of the separa¬ 
tion of such impurities. However, for alkali making by the 
Leblanc process, Glover acid is suitable. Where a Glover 
tower is not used, or in cases where it is desired to avoid 
the contamination referred to above, concentration to the same 
specific gravity is performed in lead pans, which are either heated 
by furnace gases passing over the surface of the liquid (in which 
case the acid is contaminated with flue dust, thus acquiring a 
brown colour to which the acid owes fits name, “ brown oil 
Of vitjiol,” “B.O.V.”^, or by bottom heating, which produces 
a purer acid. Omaccount of the tendency of the leaij, pans to 
buckle, by unequal expansion, it has been recently proposed Ify 
Carulla to insert a sheet of copper between them and their iron 
foiling, vh$ difference between the coefficient of expansion of lead 
^nd copper being smaller than that between the coefficient of ex -" 
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strength when this is between 90 an<J 100 per Amt. On 
account of this, highly concentrated sulphuric acid should be 
bought on analysis and not according to its specific gfcivity. 

, II.—THE CONTACT PROCESS. 

From the foregoing account of the chamber process, it will 
have been gathered that the oxidant used—the higher oxides 
of nitrogen—presents certain disadvantages. It necessitates a 
large reaction chamber, is easily removed from the sphere of 
action, and cannot be profitably used unless a comparatively 
dilute acid is produced. The first and second of these dis¬ 
advantages, and in a measure the third also, are due to the 
gaseous character of the oxides. 

It has been known for nearly a century that certain hot 
solids, notably finely-divided platinum, will induce the direct 
combination of sulphur dioxide and oxygen to sulphur trioxide, 
without themselves suflering any appreciable chemical change as 
a result of the combination. It was realised that from the use of 
such a solid would accrue the advantage that sulphur trioxide 
could be produced as vapour and at once separated from the 
solid, which would perf-rm a function analogous to that of 
the oxides of nitrogen in the chamber process; and that, bv 
dissolving the anhydride in water, an acid of any desired 
strength would be obtained. But so long as “chamber acid ” 
sufliced for the majority of the purposes for which sulphuric 
acid is used, the efforts to overcome the difficulties in the way 
of this “catalytic method/’ or “contact process,” us it is now 
called, were intermittent and fruitless. Of late years, how¬ 
ever, the need for the strongest, and even for fuming, sulphuric 
acid has so much increased that the cost of concentration has 
become formidable, and to-day the contact process is conducted 
with considerable success. 

The failure of the earlier attempts to use this process was due 
chiefly to ignorance of the fact that the contact masses used as 
catalysing agents are extremely sensitive towards even minute 
quantities of certain impurities present in kiln gases, which 
actually seem to play the part of “poisons” in rendering the 
•contact masses*inert. The large amount of heat, 22'6 calories, 
generated during the course of the reaction 

SOj + 0 = SO, 

* was also overlooked until recently, so tli^t the temperature 
attained in 4he contact chambers was far higher than is con¬ 
sistent with ttieir efficient working; for the above equation is 
reversible in the presence of a t catalytic agent, and occurs as, 
expressed in the direction from left to right mainly at % tem- 
peratures between 200° and 450* C. (392° and 842° # F.), while 
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the reverse change* occurs above 450° C. (842° F.), sulphur 
trioxide then becoming sulphur dioxide and oxygen. The tem¬ 
perature at which the desired reaction proceeds most smoothly 
appears to lie between 300° and 400° 0. (572° and 752° F.). 

The sulphur dioxide used in the contact process is obtained 
in the same way as for the chamber process— i.e., almost always 
by roasting pyrites. The gases, when leaving the pyrites burner, 
must contain enough oxygen for their subsequent oxidation to 
sulphur trioxide; they usually average 9 to 11 per cent, of S0 2 . 
As has been said above, the gases must be very carefully purified 
before entering the contact chamber, arsenic, and to a smaller 
extent antimony and mercury, being especially fatal to the 
activity of the contact mass. After leaving the roasting kiln, 
whilst still very hot, the gases are thoroughly mixed by blowing 
in a jet of steam. This serves two purposes ; the last traces of 
sulphur always present, which carry arsenic, are burnt to S0 2 , 
and the sulphuric acid obtained during the subsequent cooling 
of the gases, from the small amount of sulphur trioxide present 
in the kiln gases, is so diluted that it does not attack the con¬ 
densing apparatus. This last consists mainly of long pipes in 
which the gases are slowly cooled; the parts with which the 
condensed sulphuric acid comes in contact must not be made 
of iron lest one of the worst “contact poisons,” arseniuretted 
hydrogen, be evolved by the hydrogen formed. Rapid cooling 
of the gases is inadmissible, for many of the impurities may thus 
escape condensation. After leaving the condensing apparatus, 
the gases are thoroughly washed with water or dilute sulphuric 
acid, either by being forced through wash-bottles containing the 
liquid, or else by mechanically agitating the liquid in pipes which 
the gases are made to traverse. 

The pure gases, consisting of sulphur dioxide, oxygen, and 
nitrogen, then reach the contact chamber. It was said above 
that the temperature inside this, if left to itself after the 
reaction was once started, would soon far exceed that required 
for economical working. Some system of cooling the chamber 
is therefore necessary, one of the two following methods being 
used:—According to the first system, the entering gases may 
be used to cool the chamber from the outside, entering it finally 
at the lowest temperature at which the reaction proceeds, as 
shown in Fig. 4. Here the cold gases enter the outer space, S, 
surrounding the pipes, T, containing the contact mass, from E, 
either by first passing through the chamber, G, in which their 
temperature may b^ adjusted, into the gas chambers, A, A, from 
which they ard evenly distributed to S, S, or by diraetly entering 
the pipe, J, through a valve, V, this pipe also leading to A, A, 
i_ and tty central pipes, B, B, wfyich traverse the whole outside 
spack, and have small openings through which the gases emerge 
intodS. TJxe space between the contact pipes is partly blocked 
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The contact mass itself generally consists of platinised asbestos 
or pumice, prepared by dipping the latter substances into solu¬ 
tions contiining a platinum salt and some organic reducing 
agent, such as sugar, drying and igniting the mass at a red 
heat. Occasionally a contact substance is used which has been 
obtained by evaporating a solution containing an alkali' sulphate 
or phosphate and a platinum salt to dryness and igniting the 
residue. It has the advantage that the platinum may easily 
be recovered from it after it has become inert, by simply 
dissolving out the alkali salt with water. Substances such as 
ferric oxide have also been proposed as contact substances, but 
their use has been attended with little success. 

After leaving the contact chamber the gases should consist 
only of sulphur trioxide and sulphuric acid vapour, nitrogen, 
and a little oxygen. The sulphur trioxide is absorbed by 
sulphuric acid containing 97 to 98 per cent, of H 2 S0 4 , acid 
of this strength being capable of removing S0 3 almost instan¬ 
taneously, even from a rapid current of gas, whilst water or 
weaker sulphuric acid are far less effective absorbents. The 
absorbing apparatus is made of wrought iron, which is scarcely 
attacked provided the strength of the acid is not allowed to 
fall below 27 per cent, free S0 3 . The final product of the 
process thus consists of fuming sulphuric acid; by drying the 
gases with strong sulphuric acid before they enter the contact 
chamber, and condensing the exit gases by means of external 
cooling only, sulphuric anhydride (sulphur trioxide) may also 
be obtained. Very strong ordinary sulphuric acid may also be 
readily obtained by diluting the fuming acid with the calculated 
amount of water or weaker sulphuric acid, thus saving the costly 
concentration necessary when such acid is made from chamber 
acid. 

H. 2 S0 4 and S0 3 mix in all proportions, but also form a fairly 
definite solid compound, H 2 S 2 0 7 ( ie ., H 2 S0 4 , SO..), commercially 
known as solidified oil of vitriol. Nitre cake, NaHSG 4 , has 
been used as a raw material in making sulphuric anhydride, 
as it gives up water when heated, forming the pyrosulphate 
Na 2 S.,0 7 , which breaks up into Na. 2 S0 4 and S0 3 at a temperature 
of 000° 0. (1,112° F.). Both SO" 3 and fuming sulphuric acid 
find extended application in the manufacture of synthetic dyes, 
the dissolution of indigo as indigo sulphonic acids, and in the 
purification of ozokerite. 

III.'— NORDHAUSEN OR FUMING SULPHURIC ACID. * 

The first form in which sulphuric acid was commercially 
/ .. v manufactured was as fuming sulphuric acid at Nordhausen in 
Saxony, and the manufacture has continued but little changed 
c < to ther present day. Ordinary vitriol is still called in Germany 
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^English sulphuric acid, in contradistinction to fhe fuming 
acid or ‘‘oleum.” The modern production of iiiniinf sulphuric 
acid has been noticed under the “contact process.” The Nord- 
bausen method depends on the fact that the sulphates of all 
but the strongest bases— e.g., the alkalies and alkaline earths 
—are decomposed by heat, many of them yielding sulphuric 
anhydride (S0 3 ) as the main product of the decomposition. 
The sulphates actually employed are. as yet, only those of 
iron and aluminium, which are dissociated at a moderate tem¬ 
perature. The simplest typical case of tin; decomposition of a 
sulphate by heat, with the production of S0 3 , is that afforded 
by ferric sulphate, thus— 

Fc,(K 0 4 ). { = Fe,0. ( + USO,. 

In practice, however, ferrous sulphate is the raw material of the 
manufacture. The salt is dried to expel its water of crystal¬ 
lisation, during which process it becomes partially oxidised by 
air, with the formation of basic ferric sulphate. The basic ferric 
sulphate splits up according to the equation given above, save 
that, the Fe. 2 0 3 bears a larger proportion to the S0 3 , and the 
FeS0 4 decomposes in the following manner:— 

2FoSO ; = F«■,()., + SO.. 4- SO.,. 

Formerly, when dehydration was not carried out, both sulphuric 
acid and S0 3 were distilled over, the product being common 
Nordhausen acid. Nowadays the raw material is obtained by 
weathering “ vitriol shales,” such as arc found in Bohemia. 
They already contain some sulphates, together with about 15 
per cent, of pyrites, with 2 to 3 per cent, of alumina, most of the 
remainder consisting of silica. When this mineral is exposed 
to the air, the iron, pyrites oxidises to ferrous sulphate and 
sulphuric acid, which latter combines with the alumina and 
other bases; the ferrous sulphate further oxidises to basic 
ferric sulphate. The weathered mineral is lixiviated, and the 
liquor is concentrated to a syrup, which solidifies on cooling 
to a yellowish-green mass, which is finally calcined and known 
as “vitriol stone.” In whatever way the sulphates of iron or 
aluminium are obtained, they are heated in small clay retorts 
to redness, the distillate being received in long stoneware llasks 
containing <i small quantity of water or a weaker fuming acid 
from a previous operation. By redistilling the distillate at a 
low temperature, the sulphuric anhydride passes over first, and 
by condensing the vapour in already fuming acid, or by itself, a 
Nordbausen acid of any desired strengtli can be obtained. The 
best conynercial product contains 98 pei*cent*of free S0 3 ? 

• The residue in the retort (caput mortuum) constitutes the 
colcothar or rouge of commerce (see Pigments, Vol. II., Chap. 
XV.). Its content of Fe 2 O s # depends on the nature fcf* the mm* 
* material. 
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CHAPTER II. 

MANUFACTURE OF ALKALI AND ITS 
BYE-PRODUCTS. 

I. LEBLANC PROCESS. 

HAW MATERIALS.—The raw materials used in the manu¬ 
facture of soda by the Leblanc process, which dates from 1791, 
are salt, vitriol, calcium carbonate, and small coal, the process 
consisting essentially in converting salt into sodium sulphate and 
heating this with limestone and small coal, whereby it is converted 
into sodium carbonate. 

Salt.—This substance occurs as a mineral in beds of rock salt 
in widely-scattered districts, and in solution as brine in sea-water 
and salt springs. The most important deposits of rock salt in 
England are those in Cheshire and Worcester, though recently 
considerable quantities have been found at Middlesborough in 
Durham. In Cheshire and in Ireland (Garrickfergus) the rock 
salt is mined. The rock salt is dark red to bright yellow in 
colour (owing to the presence of the ferruginous marl associated 
with it). The purest specimens are colourless, aud approximate iu 
composition to pure sodium chloride—a characteristic Cheshire 
sample containing 98*3 per cent. NaCl together with 0*0o percent. 
MgCl 2 and 1 -05 per cent, CaS0 4 . 

The presence of calcium sulphate is usually explained by the 
supposition that the salt is the product of the evaporation of 
inland seas, from which calcium sulphate and sodium chloride, as 
respectively the most insoluble and the most abundant salt 
present in sea water, would be thrown down, the mother liquor 
containing more soluble and less abundant salts (see Stassfurt 
salts , Vol. II., Chap. XVIIL). Where natural waters have 

accumulated in strata adjoining those of rock salt, a boring made 
through the superincumbent strata will bring the water in contact 
with the salt and produce a saturated solution, which can be 
pumped up and evaporated. Where no water is naturally present, 
the wells may be artificially supplied therewith, and the brine 
pumped as mentioned above. Water is naturally available for the 
Cheshire deposits, while it is artificially supplied in the Middles¬ 
borough district. # The method of pumping brine (alth&ugh this 
necessitates subsequent evaporation) is cheaper than mining solid 
when- the depth of the salt bed is great. The composition 
of the brine may be gathered from the following analyses 
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NaCl, 
CaSO.*, . 
NftgSO^ . 

MgCOg, 


Cheshire. Worcester. 

25'222 per cent., J2-452 per ucdV 
0-301 „ 0-387 

0*146 ,, 0-390 ,a 

0107 „ 0-034 


The degree of concentration of these brines may be gathered 
from the fact that a saturated solution of salt in water contains 
26*5 per cent, of NaCl. The brine, however obtained, is evaporated 
in salt-pans made of boiler-plate and set over the Hues of a aeries 
of furnaces which vary somewhat in size, according to the quality 
of salt to be produced. For the manufacture of fine-grained or 
lump salt, the pans are from 25 to 35 feet long, 20 to 24 feet wide, 
and 15 to 18 inches deep. The brine is boiled, tins temperature 
reaching 107-5° C. = 225° F. The salt which separates is raked to 
the sides of the pan, and is lifted out from time to time On perforated 
skimmers. The crystals are thrown into wooden boxes, where 
they agglomerate on account of the crystallisation of the brine 
adhering to them. The blocks in which salt is commonly sold as 
table salt are obtained in this wary. They receive a final stoving 
before they are sent into the market. Common salt is a coarser 
grade used for manufacturing purposes, and is made at a lower 
temperature (in somewhat larger pans), so that the crystals are 
larger and more impure. The temperature of evaporation varies 
from 60° to 80° C. = 140° to 17G° F. 

The crystals are treated as in the preceding case, but are merely 
drained on the shelves (hurdles) surrounding the pans. “ Fishing 
salt” is made at a still lower temperature, and in still larger pans. 
The temperature is from 35° to G0° C. = 95° to 140° F., and the 
drawing of the salt takes place at less frequent intervals. “Bay 
salt” is made in the largest pans, sometimes over 130 feet long by 
28 feet broad, and at a temperature of 35° to 50° C. = 95° to 12 2° F. 
The grain of the salt depends not only on the temperature of 
evaporation, and on the time allowed for crystallisation, but also 
on the influence of impurities in the mother liquor. So marked 
is this influence that it is customary to add some colloid substance 
—e.g., gelatine or glue—to the pan when the smallest crystals are 
required, the process being known as “poisoning the pan.” 
“Hopper salt” is an accumulation of crystals resembling a four¬ 
sided hopper* and is produced by the addition of a little alum 
to the pan. The calcium sulphate and magnesium carbonate, in 
the brine, deposit in the salt pans, causing a scale which has to 
be occasionally picked out and frequently causes the pan to leak 
by overheating. Thus it nearly always happens that brine from 
one or other ol the pans finds its way intone t^re beneath, Where 
thfc sulphurous gases from the coal cause an evolution of HOI. 
This frequently becomes a nuisance, and the chimney gases are, 
therefore, under the supervision of the Inspectors under &Q, Alkaib*- 1 ' 
Act. Brine is alsp concentrated on the Continent by being allowed , 
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to trickle owar stacks of^rushwood (“graduation, towers”) whereby* 
water is evaporated by wind and sun, and fuel is saved; the evapora¬ 
tion of the salivated brine is completed in salt-pans as described 
above. 

Sea-water is used as a source of salt, both in hot and cold 
countries, where its evaporation may be effected without*the use 
of fuel, the expense of which is too great to allow its employment 
to be remunerative on account of the large quantity of water to be 
evaporated. The following is the percentage composition of 
ordinary sen-water:— 

Per cent; 


Nad, . 
KC1, . 
MgCL, 
MgBri, 
MgS0 4 , 
CaStb, 


2(il 
0 07 

o-:;i 

o-oi 

0*20 

o-i 


The “salts gardens” on the shores of the Mediterranean consist 
of shallow pits into which sea-water is allowed to flow after it has 
been clarified by subsidence in a deep tank. The heat of the sun 
evaporates the water, and the crystals are raked out at intervals. 
The mother liquor (“bittern”) contains magnesium salts, and is 
worked up for bromine and sometimes also for Glauber’s salt 
(Na 2 SO 4 ,10HoO) (see Minor Chemical Industries, Vol. II., Chap. 
XV HI.) and occasionally for potassium chloride, though the latter 
industry has been nearly superseded by the production of potash 
salts at Stassfurt. In cold climates (as in Kussia) advantage m 
taken of the fact that when a saline solution is exposed to a tem¬ 
perature below 0° C. — 32° F., nearly pure ice separates first. 
Sea-water is allowed to freeze in shallow pits, the ice is fished out 
and the freezing repeated ; a mother liquor is ultimately obtained 
which will pay for evaporation. 

In many countries salt for eating is taxed, but allowed free for 
industrial purposes, provided it be denatured so as to be unfit for 
human consumption. Thus in Germany, cattle salt is denatured 
with | per cent, of ferric oxide or £ per cent, of wormwood ; salt 
for manure with h to 1 per cent, of soot or 2 per cent, of powdered 
lignite ; salt for soda manufacture with sodium carbonate, sodium 
sulphate, sulphuric acid or ammonia; appropriate admixtures are 
used for other industries, the object in all cases being to render 
the salt not edible, while still fit for its particular industrial use. 

Vitriol, the next raw material used in the manufacture of soda, 
has been dealt with already. 

Calcium carbonate is used both as chalk and limestone, and 
any ofher available forfn— ejj., recovered alkali waste (v 4 i). The 
limestone and chalk should be as free from silica as possible, aifd 
not dolomitic, the material containing the former impurity causing 
•'‘♦.Histe ofc shda as silicate, while dolotnitic limestone contains mag- 
.nesia, which is too feeble a base to do the work required of it, 1 

• * i 
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The calcium carbonate must be dried and # crushed to^ragmenfcs? the 
size of a pea. 1 

Small Coal.—The small coal, or “ slack,” used siiould be as free 
as possible from ash, which causes waste of soda by the silica it 
contains. Lump coal would be better, as containing a smaller 
proportion of ash, but it is too costly. Washed slack is poorer 
in ash, but often as much as 5 per cent, is commonly present; 
8 per cent, of ash is still considered good by the alkali maker. 
The nitrogen in the coal causes waste of soda by the production 
of sodium cyanide. Wood charcoal—the best form of carbon for 
the process—is too dear for use now. 

MANUFACTURE OF SALT-CAKE.—The reaction in¬ 
volved in the manufacture of salt-cake, by the ordinary method is 
represented by the equation— 

2NaCl + H 2 S0 4 = Na 2 S0 4 + 2HC1. 


The apparatus in which the reaction is carried out is called the 
salt-cake furnace, and may have one of two forms. In either case 



the first part of the decomposition, resulting in the formation of 
NaIlS0 4 as well as Na^St),, takes place in a circular or elliptical 
cast-iron pan, A (Fig. 6), varying in size from about 9 feet in 
diameter tfnd 18 inches deep to 6 feet by 4 feet by 12 inches (in 
the case of one of elliptical shape). • An arched cover, G, usually 
of acid-proof fireclay, suffices to collect the hydrochloric acid 
from the pan; the acid gas escapes by the fireclay fine, B. In 
order to complete the expulsion of hydrochloric acid, Jhe con¬ 
tents o£ the pan is shifted into a fireclay muffle, D, also provided 
with an eVit flue, E, both pan and muffle being heated by the 
furnace, C, and the flues, H. To avoid any escape of s&a from the 
muffle into the furnace fluc,*a higher pressure is maintained irrttf) 
latter than that which prevails in the muffle, so that th # e leakage, 
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if any, is in/the other «Jjrection. In this country the muffle i® 
frequently dispensed with, in which case the direct flame of the 
fire is allowed I'o play over tin; salt-cake spread on the hearth of a 
kind of reverberatory furnace, the hydrochloric acid escaping to¬ 
gether with the furnace gases. Under these conditions the f pan is 
heated by a separate furnace. The charge is about 6 to 1G cwts., 
the smaller quantity being used for furnaces without muffles (open 
roasters), which can be worked off in about one hour, and the 
larger for muffle furnaces (close or blind roasters), in which 
the time for each hatch is about two hours. The acid used is 
generally of the strength of that coming from, the Glover tower, 
having a specific gravity of 1 72 (79 per cent. H 2 S0 4 ). The weight 
required of acid of this strength is rather more than that of the 
salt charged. The action is at first violent, and as it slackens is 
aided i>y stirring; when the mass becomes pasty, the damper, F, 
is raised and the charge pushed over by a “shoving-rake” into the 
roaster, where its decomposition is completed at a bright red heat. 
The yield is 116 to 120 parts of salt-cake for 100 parts of salt 
charged. 

Various mechanical furnaces for preparing salt-cake have been 
devised, but that originated by Mactear alone appears to be in 
use. It consists essentially of a circular firebrick hearth which 
rotates beneath a furnace dome that carries the exit flues. In 
the centre of the dome there is a hopper, through which salt and 
acid are fed into a central pot, which serves as the pan, the rest 
of the bed of the furnace acting as the roaster. The process is 
continuous, and the contents of the pot overflows on to the rotat¬ 
ing bed, where the charge is gradually worked towards the cir¬ 
cumference by fixed rakes, and, being heated by the flame of the 
furnace, is completely decomposed by the time it has reached the 
circumference, where it drops into an annular delivery trough, 
the salt-cake therein serving as a lute to the edge of the rotating 
bed. In this case the whole of the HC1 is mixed with all the 
furnace gas. 

Instead of using sulphuric acid to decompose salt, potential 
sulphuric acid— i.e ., S0 2 , 0 and H 2 0—can be employed, as in the 
Hargreaves and Robinson process. The reaction that occurs is— 

2NaCl + S0 2 + 0 + H 2 0 = Na s S() 4 + 2HC1. . 

In order that the reaction in v ay be complete, the salt must be in a 
sufficiently porous state to allow the gases to penetrate it thoroughly, 
an object which is attained by moistening it, moulding it into 
cakes, ard drying it. Tjiese cakes are charged into vertical cast- 
iron cylinders holding about 40 tons each, heated by external,, 
vertical flues. Gases from a pyrites burner are mixed with super¬ 
heated steamy and caused to traverse thp cylinders seriatim, entering 
at t!lie topVmd passing out at the bottom. The passage of the gases 
is ( systematic— \e., the fresh gas always meets nearly converted 
salt, and exhausted ggs passes away through fresh salt. The tem- 
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perature at which the reaction obtains is about 500%C. « 932° F., 
and is partly maintained by the heat evolved in the course ot the 
reaction, which is exothermic. The movement of <$he gas is pro¬ 
duced by a Hoots blower placed at the end of the cylinders, and 
likewise serving to pass the IIC1 on to the condensers. 

Gootl commercial salt-cake will contain not less than 97 to 98 
per cent, of Na.,S0 4 . About two-thirds of the salt-cake made is 
used for the production of soda, for which purpose it should be as 
free as possible from chlorides. A large proportion of the remainder 
is employed in glass making, for which it is required free from iron, 
an object attained by dissolving it in water, making tho solution 
alkaline with lime, whereby ferric hydroxide is precipitated, and 
recrystallising. As sodium sulphate normally crystallises as 
Na.,8O 4 ,10H.,(), the cost of freight is considerable, and it is, there¬ 
fore, sometimes prepared as the anhydrous salt, the formation of 
which can be induced by adding various substances— e.g., a crystal 
of Na.,S0 4 itself—to a solution of the salt at a temperature above 
40° 0.“- 104° F. 

Hydrochloric Acid. In whatever way the conversion of 
sodium chloride into sulphate may have been effected, the gas HC1 
has to be condensed by absorption in water, save in the rare cases 
where it is used as such (Deacon’s process, q.v.). This is the more 
important inasmuch as it is illegal to allow more than 0'2 grain 
of HOI per cubic foot of chimney gases to escape into the air. 
The gases from the pan are usually collected separately from those 
evolved in the roaster, being purer, and in cases where open 
roasters are used, more concentrated. In all cases the gases from 
the furnace are cooled by passing through a length of earthenware 
pipes or sandstone flues, or even through iron pipes, provided the 
temperature of these be not allowed to fall to the condensation 
point. An alternative plan of cooling consists in injecting a 
spray of water into stone tanks through which the gases pass, or 
the gases arc led up a small tower fed with a limited amount of 
water, which suffices to cool the gas and condense sulphuric acid 
and stop flue dust (botli the latter impurities being derived from 
the roaster). The gas is then passed through a series of stone 
tanks or, on the Continent, “bombonnes” (Woulfe’s bottles) half 
filled with water, and exposing sufficient surface to the air to allow 
the HC1 t© be absorbed by the water. They are provided with 
side pipes, and are connected together so that a stream of HC1 
proceeds in one direction and is met by a flow of water in the 
opposite direction. The strongest acid is obtained in these con¬ 
densers, but all the gas is not absorbed, so that it must finally be 
passed ^hrough a coke tower supplied vfttli water. The tower is 
4>uilt of acid-proof bricks and varies from 40 to 100 feet in height. 
The yield of acid is about 130 to 148 parts of aqueous acid of 
1*17 to 1*18 specific gravity'(containing 34 to 36 per cvnt. HOr) 
per 100 parts of salt-cake made. 
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By far the greater portion of this acid (muriatic acid) is used 
for making chlorine (\ r ol/11p. 35), the remainder being employed 
in many mino*, industries. Crude muriatic acid contains as im¬ 
purities ferric chloride and organic matter (which give it a yellow 
colour), arsenic and sulphuric acid. Arsenic is derived from the 
vitriol made from pyrites, which is commonly used. Mostfof the 
impurities in hydrochloric acid can he removed by distillation, 
except arsenic, which comes over with the first fraction as As(J! 3 ; 
the later portions may, however, be obtained free from this im¬ 
purity. An alternative plan, for removing the arsenic consists in 
precipitating it as As 2 S 3 , by means of tI 2 S, allowing the precipitate 
to settle, and distilling the acid. A strong acid, free from all 
impurities except arsenic, is obtained by allowing the crude 
acid to flow gradually into a bath of dilute sulphuric acid, kept 
at a constant temperature a little above the boiling point of the 
hydrochloric acid, which distils oft' in a steady stream. 

MANUFACTURE OF BLACK ASH.—This is the next 
step in the process of making sodium carbonate by the Leblanc 
method. It is effected by heating a mixture of sodium sulphate 
(salt-cake) with calcium carbonate and small coal. The reaction 
may be assumed to take place in two stages— 

(1) Na.,S0 4 -i- *2C - Na 2 S -]- 2CO a . 

(2) Na-^K + Oa(JO ;! — Na.XO ;! + OaS. 

The resulting black ash is thus essentially a mixture of sodium 
carbonate and calcium sulphide. The sulphate should contain 
not more than 05 per cent, of NaOl nor more than 1 -5 per cent, of 
free acid, calculated as SO a . The proportions adopted in practice 
are—100 parts of salt-cake, 100 of limestone or dry chalk, of the 
size of a pea, and 10 to 60 parts of coal. The proportion of 
calcium carbonate and coal is greater than is indicated by the 
above equations, because, inasmuch as black ash is only clinkorod 
and not fused, an excess of these reagents must be present to 
ensure each particle of salt-cake coming into contact with them. 
The excess is also useful as promoting the porosity of the black 
ash and favouring lixiviation, and, further, by generating CO in 
the interior of the mass when this is plastic at the last stage 
of the process, thus—CaC0 3 + C = CaO + 2CO. The CO 
renders tho black ash porous like dough, and the subsequent 
hydration of the lime, simultaneously produced, disintegrates 
the masses of black ash during lixiviation. The operation is con¬ 
ducted in a species of reverberatory furnhee, closely resembling 
tho roster of the salt-cake furnace, but with a hearth in place 
of the muffle. Th£ half of the hearth nearer the grate is about 
3 inches lower than that near the flue; the charge is ’introduced' 
through a hopper on to the upper or back half, where it is dried 
afffi subjicted to a preliminary healing, after which it is raked 
ever to the lower part of the hearth, which has a temperature 
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•of from 700° to 1,000° 0. = 1,292° to 1,832° F. Here* the charge 
is heated until the sodium sulphide, which at first forms («.#.), is 
fused, and the mass becomes a thick paste, which is th§n thoroughly 
• mixed by means of a rake and gradually drawn towards the door 
of the furnace, situated at the side of the lower hearth. There 
is a copious evolution of C0 2 , and the mass becomes more pasty; 
the reaction evolving CO ( v.s .) now sets in, this stage being recog¬ 
nised by the bursting of small jets of burning CO from the charge. 
The mass is then raked into a “ball” and withdrawn into an iron 
truck, where its quality can be judged by the continued evolution 
of CO and the expansion of the ball. It is usual to utilise the 
waste heat from the black-ash furnace to concentrate the liquor 
obtained by lixiviating the black ash; for this purpose a boiler 
pan is placed in a prolongation of the flue, so that the hot 
products of combustion pass over the surface of the liquor. 



A, Cylinder; B, B, rings; C, furnace; D, flue. 


Mechanical furnaces for the production of black ash are known 
as revolvers. Inasmuch as the chief function of the workman 
in making black ash consists in turning and mixing the charge, 
it is obvious that if this mixing be effected mechanically, larger 
charges can be handled in a given time, and better intermixture 
can be secured. An ordinary revolving black-ash furnace 
consists of a cylinder, A (Fig. 7), made of boiler plate and lined 
with firebrick, resting on rollers on which work rings, B, B, 
concentyc with the cylinder. The central part of each’end of 
the cylinder is open, and is so placed that the hot gases from the 
furnace, C, can pass through it, supplying the heat necessary to 
convert the charge, and escaping by the flue, 1), in which boiling ' > 
*down pans may be set. Usually, ordinary large furnace grates, 
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are used the sourpe of heat, but a producer would probabl 
be better. The charge is introduced and removed through j 
manhole in the side of the cylinder. The revolver is driven b; 
suitable gearing so that it can be rotated slowly at the beginning 
of the process (1 revolution in four minutes) and afterwards a 
a quicker rate (5 revolutions per minute). The charge is nmol 
larger than with tho roaster furnaces, and need not be mixe< 
before it is introduced, mixture being effected by the rotatioi 
of the cylinder, aided by the agitation produced by two fixe( 
projections on the lining, called “breakers.” The calcium car 
bonate and two-thirds of the coal are first put in and the cylinde 
revolved until some caustic lime has been formed; the salt-cak 
and the remaining coal are then added, and the revolutioj 
continued at a higher speed until the operation is complete 
The object of this preliminary “liming” is to ensure the presene 
of enough caustic lime in the black ash to allow of its eas; 
lixiviation. 

Properly made black ash has a blackish-brown surface with ; 
grey porous fracture; its composition may be gathered from th< 
following analysis (Kolb) 


Sodium carbonate, 

. . . . 44*79 per cent. 

,, silicate, . 

. . . . 1 *i)lJ , , 

,, illuminate, 

. . . . 1-44 „ 

,, sulphate, . 

. . . OIK „ 

„ chloride, . 

1 85 

Calcium oxide, 

9*68 

,, sulphide, . 

. 29 *9(5 

,, carbonate, 

0'02 

Ferric oxide, 

I"21 „ 

Coal, . 

. . . 1-20 ,, 


98 49 


Traces of cyanide, ferrocyanide, soda in an insoluble form, am 
Na. 2 S are also generally present. 

Black ash absorbs moisture and C0 2 from the air, the lira 
being thus slaked, causing the disintegration of the mass; long 
exposure is undesirable, lest a reverse reaction between the CaS 
and Na 2 C0 3 occur, involving waste. 

Lixiviation of Black Ash.—Well-made black-ash is suffi¬ 
ciently porous to be easily.extraeted even when in comparatively 
large pieces, but if ill-made, and therefore dense, it must be 
crushed to a coarse powder before lixiviation. The method of 
extraction consists in exposing the fragments in tanks, provided 
with false bottoms, t& systematic treatment with watgr, in s.uch 
a way that fresh water comes in contact with nearly exhausted 
ash and strong liquors with fresh ash. Contact of the ash with 
**&ir is avoided as much as possible's a rapid oxidation of calcium 
. sulphide, and consequent loss of soda by double decomposition 
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f,f the calcium sulphate thus formed with £he sodium ^arbonate, 
occurs. Inasmuch as the black ash is anltydrous, and contains a 
con.sider.able quantity of caustic lime, it causes a^rise of tem¬ 
perature when first brought into contact with water; thus the 
temperature of the strong liquor may be 60° 0. - 140° F., while 
that of fche weak liquor should not exceed 37° C. = 99° F., as 
otherwise the reverse reaction between CaS and Na 2 C0 3 tends 
to take placo; for the same reason the liquor must not be allowed 
to become stronger than is indicated by a specific gravity of 1 '28. 
Besides being inevitably associated with loss of soda, Na.,S, the 
product of the reverse reaction, is objectionable on account of its 
solvent action on FeS (derived from the iron of the tank), which 
colours the liquor green. The calcium sulphide and other in¬ 
soluble. substances left in the tank are periodically removed, and 
constitute tank waste (<q.v .). The constitution of the tauk 
liquor obtained in this way is given below:— 


N;u(’().. -|- NiiOIf, 
ISiaCl, . 

Na a S, . 

N.a 2 S0 4 , 


23"60 per cent. 
0-50 
0-13 
0-30 
0-23 


24-7(5 


Small quantities of sodium sulphite, cyanide, fcrrocyanide, thio¬ 
cyanate and silicate, and ferrous sulphide are also present. As 
much as 20 per cent, of the alkali will generally bo in the form 
of caustic soda, which results from the action ori the sodium 
carbonate of the surplus lime, used in the black ash process for 
indirectly imparting porosity as described above. The tank 
liquor is allowed to settle, and when clear is submitted to the 
action of CO., (in order to carbonate the caustic soda) by being 
run down a tower filled with broken stoneware, or, preferably, 
containing chains or wire rope, down which the liquor trickles; 
lime kiln gases are passed up the tower. During the carbonation, 
sodium sulphide, as well as the hydrate, is converted into car¬ 
bonate, and ferrous sulphide is thrown out of solution; at the 
same time sodium silicate and aluminate are decomposed, the 
acid radicles J)eing precipitated and the quantity of useful soda, 
.Na.-jCOg, increased. Sodium fcrrocyanide is an objectionable 
impurity in tank liquor, inasmuch as it appears in the calcined 
soda ash as Fe«O s and impairs its colour. It can he removed by 
heating the tank liquor to 180°C. = 356° F. under pressure, when 
it reacts with another impurity, sodium thiosulphate, to Yorm 
sodium tlflocyanate and sulphite, the iron being separated as 
ferrous oxide; it may also be removed by precipitation with a 
zinc salt as zinc ferrocyanide. • 

3 
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Evap^iation of fank Liquor for Soda Ash (Anhydrous 

Na.,C0 3 ).—The clean settled tank liquor, carbonated and freed 
from ferrocyanide, is evaporated, at near its boiling point, for the 
production of black salt, impure Na 2 C0 3 .H 2 0. The evaporation 
may be performed, as already mentioned, by the waste heat of 
; the black-ash furnaces, but the product is then contaminated by 
flue dust and S0 2 from the fuel. Pans heated from the bottom, 
and mechanical evaporators, such as Thfclen’s, in which the salt 
is mechanically scraped out as fast as formed, are also used. The 
black salt is drained from the mother liquor (red liquor), which 
is boiled down separately for a less pure alkali, or is converted 
into caustic soda ( v.i .). Evaporation by multiple effect -under 
diminished pressure (see Sugar , Vol. II., Chap. VIII.) has not 
proved successful. 

Finishing the Soda Ash.—To drive off the molecule of H 2 0 
in the black salt, calcination at a red heat in an ordinary rever¬ 
beratory furnace is necessary. When carbonation of the tank 
liquor has been omitted, the black salt is mixed with sawdust 
before calcination, in order that the combustion of this may 
supply C0 2 for the conversion of NaOH and Na 2 S into Na.,G0 3 ; 
the product is, at best, less pure than that from carbonated tank 
liquor. Various mechanical carbonating furnaces have been 
devised, the chief advantage of which lies rather in the saving 
of labour than of fuel. 

The best commercial soda ash is white, and contains not more 
than a trace of caustic soda and 98 to 99 per cent, of Na 2 C0 3 . 
That carbonated with sawdust still contains at least 2 per cent, 
of caustic soda, and has to be refined by dissolution in water, 
removing Fe 2 0 3 by settlement and re-evaporation in pans heated 
by coke fires, followed by calcination. The product is known 
as refined alkali. For purposes, such as soap making, where i 
caustic soda is prepared from soda ash, a grade known as “caustic 
ash,” containing as much as 20 per cent, of caustic soda, is used. 
Soda crystals, Na 2 CO 8 ,10H 2 O (washing soda), though containing 
only 37 per cent, of Na 2 C0 3 , is preferred for scouring wool and 
for domestic use, largely because of its freedom from caustic soda. 

I t is usually prepared by recrystallising the solution of soda ash, 
which should be freed from sulphide and should contain not 
more than 2 per cent, of caustic soda. The solution for crystal¬ 
lisation is made with water above 34° 0. = 93^ F. (the tem¬ 
perature at which Na 2 CO 3 ,10H 2 O is most soluble), and is 
saturated; it is allowed to cool in shallow crystallising pans. 
The formation of good crystals is said to be promoted by the 
pres*ence of 1 pqr cent, of sodium sulphate. The mother liquors 
are boiled down and calcined. % *• « 

Crystal carbonate, Na 2 C0 s .H 2 0 (83 per cent, of Na 2 C0 3 ), is 
a proprietary name given to the product obtained by crystallising 
from a boiling saturated solution of carbonated and thoroughly 
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purified tank liquor. It is applicable to Jb>ie same j^rposes as 
(hose for which soda crystals are used, ai!d costs less for trans¬ 
port per unit of Na.,CO ;i . • 

Bicarbonate of Soda, NaHCO # .—This is prepared by car¬ 
bonating the normal carbonate with any concentrated form of 
<'J0 2 . Volcanic gases and CO* from fermentation are used, other¬ 
wise C0 2 evolved by the action of HC1 on limestone is employed. 
Soda crystals, as such, are generally used as the raw material, 
though a saturated solution of soda ash may be substituted, 
(bicarbonate is now chiefly made by the ammonia-soda process 
— q.v. Vol. II., p. 48.) In the former case the crystals, placed 
on a drainer, are exposed to the action of the gas for six to nine 
days; much water comes away, in accordance with the equation— 
Na 2 CO s .101f 2 O + CO, = 2NaHCO s + 9H,0. 

This forms a liquor which is boiled down and yields an impure 
weak soda ash. In the second case the bicarbonate separates 
from the solution. Drying at a temperature not exceeding 
40° 0. = 113° I<\ is necessary to avoid loss of CO.,. Sodium 
sesquicarbonate, Na 2 C0 3 .NuHC0 3 .2H 2 0, is also prepared from 
mixed solutious of sodium carbonate and bicarbonate, crystallised 
not below 35° C. = 05° V ,; it is used for wool washing. Sodium 
bicarbonate is a milder alkali than the normal carbonate, and on 
this account is used when the action of the latter is too drastic. 

Caustic Soda.—The reaction involved in the production of 
caustic soda (NaOH) from sodium carbonate is expressed by the 
equation— 

NajCOj + Ca(OH) 2 = CaCOjj + 2N&OH. 

In practice, caustic soda is prepared by causticising purified tank 
liquor; this must be well settled, and have a specific gravity of 
1*08 to 1*10. The purification of the tank liquor by exposure to 
C0 2 is omitted in the case of that which is to be causticised, 
inasmuch as a portion of the soda is already present as caustic 
soda, and the carbonation of this would involve waste of lime in 
subsequently decarbonating. The tank liquor must, however, 
ho freed from sulphide; this is effected either by blowing in air, 
the oxidising action of which may be enhanced by the addition 
of Weldon mud ( v.i .), or by precipitating the sulphide as ZnS or 
PbS, which process is preferable for high-grade (77 per cent.) 
caustic. The strength of the liquor to.be causticised is limited 
to that corresponding with a specilic gravity of 1*10, because 
stronger liquors prevent the completion of the reaction, inasmuch 
as strong caustic soda is capable of removing C0 2 from C&Q 0 3 , 
the above equation becoming reversed. In ofder further to 
pretent this buck action, the proportion of lime employed is in 
excess of that indicated by the equation, advantage beipg thus 
taken of the principle of mass action. 

<The process consists in placing slaked lime (11 cwts. to 1 ton 
of caustic lime per 10 tons of tank liquor) in an iron cage and 
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immersing 1 it in ther boiling tank liquor, purified, and of thff 
concentration indicated above. The liquor is kept agitated by 
steam injection or by paddles. When tile liquor is completely 
causticised the clear solution is drawn ofi'. It lias approximately 
the following composition:— 

r 

NaOH .10'25 pur cent. 

Na«C0 3 ,..‘1*20 

NaCl, . . . . . . . 0'14 

Na 2 .S..0 3 ,.0-2!) 

Na,K0 4 ,.0*25 

The calcium carbonate sludge, left at the bottom of the eausti¬ 
cking pan, is filtered and washed, and the washings used for 
diluting the tank liquor for the next causticisation. The washed 
liine mud will serve, instead of Irtish calcium carbonate, for 
preparing a further quantity of black ash. 

Red liquor, the mother liquor from black salts ( v.s .) was origin¬ 
ally largely used for the production of caustic soda as already 
containing much caustic. The product is less pure than that 
from tank liquor. It sulHccd to boil down this red liquor, when 
the sodium carbonate and other salts contained in it separated 
and left an impure concentrated caustic liquor. 

The production of solid caustic soda from the causticised liquor 
takes place in two stages. The liquor is boiled down in pans to 
specific gravity 1*4 and the sodium carbonate and other salts are 
fished out; the liquor is settled and the evaporation completed 
in caustic pots. The salts separated during concentration are 
worked up with a fresh batch of black ash. Towards the end of 
the concentration in caustic pots, any residual sulphide is oxidised 
by the addition of about 1 per cent, of sodium nitrate. This 
converts the sulphide into sulphate, and is at the same time 
reduced to nitrite, which remains in the caustic. The material 
in the pot is allowed to settle, and ladled out into drums, in 
which it solidifies. Various grades of caustic soda are made, 
known commercially as “ 60 per cent.,” “70 per cent.,” “77 per 
cent.” (Na 2 0) (v.i) and “caustic bottoms.” These contain 
respectively about 80 per cent., 90 per cent., 9G per cent., and 
59 per cent, of NaOH, the remaining salts present being chiefly 
sodium chloride and sodium sulphate, save in the case of 
bottoms, when as much as 20 per cent, of insoluble matter may 
be present. Caustic soda is largely used by soap and paper 
makers, and in the purification of petroleum and tar oils; there 
aretvarious minor applications of this alkali. 

Commercial* standards for Trading in Alkali.—The only 
rational way of stating the strength of soda ash and caustic fs in 
terms if the percentage of Na^COg and NaOH, respectively. 
This fnethod is not generally adopted. 

The Gerpian plan for both substances consists in reckoning 
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the total alkali as Na 2 C0 3 , a process indefectible for cystic soda 
In this country the total alkalinity is stated in percentage of 
Na.,0, each per cent, being V; this would be a suitable method 
but for the custom of taking the atomic weight of sodium as 
24, which causes the stated percentage to be higher than the 
reai. Nowadays the valuation is made correctly and translated 
by various fraudulent methods of calculation into a higher alleged 
content of soda, the method varying with the district. Stated 
by the English method (N T a 24) pure sodium carbonate is 
59-20° strength, the real value (N T a = 23) being 58*19°. Eure 
caustic soda on the same standard is 7805°, the real value 
(Na = 23) being 77*5° 

TREATMENT OF TANK WASTE (ALKALI WASTE). 

— It will be realised from the foregoing, that practically the whole 
of the sulphur of the sulphuric acid used in the manufacture of 
salt-cake remains in the tank waste from the extraction of black 
ash. The dry waste thus produced amounts to 11 tons per ton 
of soda ash made. Formerly the whole of this had either to be 
in-aped outside the works, or carted out to sea, if the nuisance, 
arising from the sulphuretted hydrogen evolved from it, became 
intolerable. Its composition is given below:— 


Na,C0 3 , . 

.1 *03 per cent. 

I'aCO-j,. 

.38-81 

Ca(OH) 2 , 

.9-53 

OaS, . 

.35 1*2 

CnS.,O a , 

Coal, . 

.1-49 

.<>*27 „ 

Ah>O a , . . 

.0-13 

FeS, . 

.279 ,, 

Sit),, . 

.1-21 

Sand, . 

‘.201 


99-56 


The action of air and moisture on this substance produces hydro¬ 
sulphides, polysulphides, sulphites, and thiosulphates. These 
being washed out by the rain, drain away from the heap, the 
drainage giving up H 2 S by the further action of C0 2 of the air, 
and also itself contaminating adjacent water supplies. 

Inasmuch as sulphur is, with the exception of nitrate, the 
most expensive raw material used in the production of soda, the 
only rational way of dealing with alkali waste consists in recover¬ 
ing the sulphur as such. * The sole method successfully effecting 
this is the Chance-Claus recovery proces^ which is worked as 
fo|Jows:—^Yesh alkali waste is made into a efeam with water 
and subjected to the action of lime kiln gases in a set of vertical 
cylinders, 16 feet by 5 feet. The C0 2 of the lime-kiln g*ses first 
attacks CaS of the alkali waste, producing CaC0 3 an<$ ELS:* 
OaS + H^O + C0 2 = CaCO s + H 2 & The H 2 S parses into the 









38 , MANUFACTURE OF ALKALI AND I^S BYE-PRODUCTS. 

next cyli^Uer containing alkali waste and is absorbed, forming 
calcium hydrosulphide Ca(SH) 2 , approximately pure nitrogen, 
from the linie-kiln gases, escaping. After the waste has been 
completely decomposed in the first cylinder, C0 2 will pass on to 
the next and react with Ca(SH) 2 , thus— 

Ca(SH ) 2 + CO,, + H 2 0 = CaC0 3 + 2H 2 S. 

The sulphuretted hydrogen is collected in a gasholder. It 
will be seen that the rationale of the process consists in ob¬ 
taining a fairly concentrated sulphuretted hydrogen by first 
enriching a portion of the waste to be treated and then de¬ 
composing this enriched waste. In practice, a set of seven 
decomposing cylinders is found requisite for this purpose. The 
average strength of the sulphuretted hydrogen produced is 
32 per cent, of H 2 S, the remainder being nitrogen with a little 
C0 2 . The residue from the tank waste, thus treated, consists 
of CaC0 3 , containing a little alkali, and may bn used for making 
black ash, and has been tried for the manufacture of Portland 
cement ( q.v .), but is not well fitted for this purpose on account 
of the sulphur which it contains.* 

The sulphuretted hydrogen stored from this process may be 
burnt, instead of pyrites, for vitriol making, but this method of 
utilisation is not remunerative; it is, therefore, used to produce 
recovered sulphur in a Claus kiln. The Claus kiln, which serves 
for the recovery of sulphur from 11.$ however obtained (see Gas 
Manufacture, Vol. II., p. 85), is an apparatus devised for the 
smooth carrying-out of the reaction II. 2 S + 0 - H. 2 0 + S, when the 
sulphuretted hydrogen is diluted with inert gas, such as nitrogen. 
The kiln consists of an iron cylinder, A (Fig. 8), lined with fire¬ 
brick, and having a grate, B, at its lower part, upon which a 
layer of ferric oxide, C, about 18 inches thick, rests. 

The dilute sulphuretted hydrogen constituting the Chance 
gases is mixed with about four-fifths of its volume of air, and 
the mixture is passed into the kiln below the grate. The ferric 
oxide which has already been heated is now kept hot by the heat of 
the combustion of the hydrogen in the II 2 S, the combustion being 
induced by the presence of this hot oxide. The resulting steam 
and sulphur vapour pass into a series of chambers, in the first of 
which, D, the temperature is sufficiently high for liquid sulphur 
to be deposited, while in the succeeding chambers, E, flowers of 
sulphur are condensed. The combustion of the H 2 S is not 

* Another method of utilising tank waste is the Parnell and Simpson 
procest, in which the waste liquors of the ammonia-soda process (v.i.) are 
worked up. The relictions involved are— 

(1) 2 NH 4 CI + CaS = CaCl 2 + (NH 4 ) 2 S. 

Vj(2) (NH 4 ) 2 S + 2C0 2 + 2H 2 0 = 2 NH 4 HCO 3 + H 2 S. 

Ho& is collected in a gasholder, and the ammonium bicarbonate use^ 
‘ c for making amipouia-soda. 
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generally complete in the Claus kiln, so tli^fb the exit <z*s(.s must 
be passed through a furnace and washed, to avoid nuisance. 

The Chance process for recovering sulphur from%lkali waste 
is rapidly displacing other processes for effecting a similar object. 
The only ^>ne of these which needs notice here is that of Mactear 



modified by Pfohiney, which is designed for treating draPhage 
froii tank*wagte heaps, thus avoiding the worst nuisance. Air 
is blown through the drainage until sufficient of the sulphide 
which it contains has been oxidised to thiosulphate, soj/hat it*, 
rqp,cts completely with the remaining sulphide when hydrochloric 
acid is added, according to the equations— 
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4') 0*8,0. +« 2HC1 - CaCI. + H,0 + SO. + S 

(2) Ca(SH), +' 2HCI = Cad, + 2RA 

(3) »80, + 2H.S = S, + 2H;o! 2 

J f h . e „? lp ! 1 “ r is th f recovered. Owing to the increasing cost 
hydrochloric acid, this method lias become unremunerative 
CHLORINE AND BLEACHING POWDER. —The manu- 
tacture of chlorine for conversion into bleaching powder is always 
a part of the Leblanc process, because nearly all the chlorine of 
t ie salt appears as hydrochloric add, which lias fewer applications 
than has chloride oflime. 

In order to prepare chlorine from hydrochloric acid, the hy¬ 
drogen of the latter must, be oxidised to water. While many 
oxidising agents will effect this, the cheapest is manganese di- 
oxide, which reacts as follows :— 


Mn0 2 + 4IIC1 = MnClj + 2II 2 0; MnCl 4 = MnCl* + Cl 2 . 

Manganese tetrachloride (MnOl,) exists in the brown solution of 
manganese dioxide in cold strong HCL It is very unstable, and 
sp its up on warming into manganous chloride (MnOl.) and free 
chlorine. For manufacturing purposes, where the" liquor is 
neated, the reaction may be considered to proceed thus— 

MnO, + 4HC1 = MnCl, + Cl, + 2H,0. 

Such other oxidising agents as may be practically substituted 
lor manganese dioxide will be dealt with later. 

The hydrochloric acid, condensed as described above (p. 29) 
is used for making chlorine; it should contain at least 20 per 
cent. HC1 (specific gravity MO), and is better when stronger; 
it should be as free as possible from sulphuric acid, for removing 
which in the form of barium sulphate, barium chloride has been 
used. 

The manganese dioxide is always originally used as a m:m- 
ganese ore (an impure natural manganese dioxide), though nearly 
all of it is recovered as an artificial oxide (v.i.) alter eacli distil¬ 
lation of chlorine, and used repeatedly. The manganese ore now 
comes chiefly from Huelva, and should contain, at least 65 per 
cent, of Mn0 2 and be free from calcium carbonate, because this 
wastes acid and yields C0 2 , which contaminates the chlorine. 
The technical valuation,of “manganese” for chlorine makiim 
consists in estimating the “available oxygen”—that is, the per¬ 
centage of oxygen in the ore above that necessary to form the 
case MnO, and therefore available for oxidation of HC1. 

Chlorine stills are Stoneware, carboy-shaped vessels, filled with 
in inner perforated cylinder holding the manganese, and pro¬ 
vided vjjth an inlet neck for the acid and an outlet pipe for the 
chlorine; the still is heated by a*steam jacket. 

Another form consists of a stoneware cylinder with a false 
HCttom for holding the manganese, covered by a leaden bell, the 
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lower edge of which is trapped by water inen outer v^fol, which 
also serves as a water jacket for heating the still. Both the 
above forms are fit only for small installations. 

In large works the stills are made on the pattern shown in 
Fig. 9 ; they consist of siliceous stone slabs, tongued and grooved, 
and inacfe tight by caoutchouc or a lute of tar and fireclay. The 
walls are held in their place by iron clamps. A sandstone slab 
fitted in the same manner serves as a lid, and is provided with 
a manhole for charging the still, while a discharging hole is 
situated in one of the side slabs. The manganese rests on a 



Fig. 9.—Chlorine still. 


false bottom, to prevent caking; the charge is 6 to 10 cwts. 
The acid (25 to 35 cwts.) is run in through a lead pipe which 
terminates in an acid seal, and steam is supplied through another 
lead pipe, continued within the still as a stoneware column, 
which passes below the false bottom, where it has several open¬ 
ings for the distribution of the steam . § The acid is rjiii in 
quickly r 4 first, chlorine being spontaneously Evolved, and more 
acid added from time to time, until the evolution of chlorine 
slackons, when steam is slowly injected, the temperature of the 
§till reaching 90° C. = 194° F. as a maximum. The cHarge i9 
worked off in 24 to 48 hours. The chlorine, ^hick escapes^ 
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through leaden pi pa in the lid, is passed into the bleaching* 
powder chambers, described below. 

Even sliofld the reaction between JVIn0 2 and HC1 for the 
production of chlorine, given above, be capable of realisation in 
practice, half of the chlorine of the hydrochloric acid would be 
retained in the still as manganous chloride. On account of the 
presence in native manganese of other oxides than that of 
manganese, and of the impossibility of pushing the saturation of 
the hydrochloric acid to the point of neutrality, considerably 
more than half the acid is wasted, as far as the production of 
chlorine is concerned. Thus of the total hydrochloric acid used, 
it generally happens that one-third appears as chlorine, rather 
more than one-third as manganous chloride, and nearly the whole 
of the remainder as free hydrochloric acid, a comparatively small 
proportion being accounted for as ferric chloride, aluminium 
chloride, barium chloride, etc. 

The comparative costliness of manganese has made its recovery, 
in order that it may again serve as an oxygen carrier, essential. 
The only method which successfully attains this object is the 
Weldon recovery process. The still liquor, consisting of man¬ 
ganous chloride, acid with hydrochloric acid, and containing some 
ferric chloride, is agitated in “neutralising wells” with ground 
chalk or limestone; here the free acid is neutralised, calcium 
chloride being formed, and the iron is precipitated as ferric 
hydroxide, the manganous chloride not being precipitated by 
this reagent except so far as the still liquor contains free chlorine 
(always the case), which causes a precipitation of an equivalent 
quantity of manganese as dioxide. The neutralised liquor is 
pumped into settlers of wrought or cast iron, and, after settling, 
is run off into iron cylinders, the “oxidisers”; the mud is washed, 
and the washings used for making milk of lime for the next 
operation. This consists in adding milk of lime in the proportion 
of 1 molecule of lime to 2 molecules of manganous oxide, the 
quantity generally amounting to 12 to 14 cvvts. of lime per ton of 
bleaching powder made.* The lime must be free from magnesia, 
inasmuch as this is too feeble a base to decompose manganous 
chlorido with the requisite rapidity, and, therefore, remains in 
the mud as MgO, ready to consume a portion of the hydrochloric 
acid in the mud-still. The oxidisers are placed vertically, and 
are supplied with air, and ate fitted with a steampipe which main¬ 
tains the temperature at 55° C. = 131° F. The reaction taking place 
in the oxidisers consists first in the precipitation of manganous 
oxide* and the formation of calcium chloride, by the action of the 
lime on the manganous chloride. This is oxidised by tke streapi 
of air with the formation, in the presence of lime, of calcium 
manganif& (CaO.Mn0 2 ) and mangapous manganite (MnO.MnO.,). 

*It is convenient, on account of commercial considerations, to calculate. 
' jteins of cost pes unit of the finished product. 
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For further elucidation of the chemisjfry of this frocesa it 
may be stated that when air is blown through a precipitate of 
manganous oxide, manganous manganite is formed} tho oxida¬ 
tion only proceeding sufficiently far to provide an^ acid oxide 
(Mn0 2 ) to combine with the basic oxide (MnO). The rapidity 
of absorption of oxygen is enhanced by the presence of a more 
powerful base than MnO—e.< 7 ., CaO—when calcium manganite is 
formed; but it is impracticable to produce a calcium manganite 
in this way, unmixed with manganous manganite. It will be seen 
from what has been said, that the oxidised liquor consists of a 
solution of calcium chloride containing iri suspension calcium 
manganite and manganous manganite; the proportions of tho 
lime, and of manganese as manganous oxide and manganese 
dioxide, being in accordance with the following analysis :— 

MnO.,,.66 per cent. 

MnO*.17 

CaO.16 

90 

The necessity for the use of lime lias been indicated above ; 
its quantity is reduced as far as possible in order to avoid a 
greater loss of acid in the still than is absolutely necessary, by 
adding still liquor ct maining manganous chloride (“final liquor”) 
to the mud after the first stage of blowing ; a portion of the lime 
in the calcium manganite is thus removed, leaving a more acid 
calcium manganite, and forming calcium chloride and manganous 
hydroxide, the latter being then converted into manganous 
manganite by the further action of air. The calcium chloride 

in the liquor plays an important part in assisting the oxidation, 
by reason, it is believed, of its solvent action on calcium man- 
ganite, which appears to act as a carrier of oxygen. The 
precipitated manganites thrown down in the oxidisers are known 
as “Weldon mud.” When the process is properly conducted, 
about 80 per cent, of the total manganese in the mud is in the 
form of MnOo, so that its value for producing chlorine is equal 
to that of a high grade native manganese, and is enhanced by its 
finely-divided condition. The contents of the oxidisers are run 
into settlers, the calcium chloride solution is drawn oft’, and tho 
Weldon mud, still fluid enough to pass through a pipe, trans¬ 
ferred to the mud-stills, which are similar in design to those used 
for the native manganese, but larger, generally octagonal and 
not provided with a false bottom, because the mud is completely 
soluble in the hydrochloric acid. The w # aste liquor froir* the 
stiJJ is wouked up again in the same way. 

The recovery of manganese by Weldon’s process is so complete 
that the amount of fresh manganese ore requisite to replace that 
lqpt, is about 1 per cent, of the bleaching powder made. 

It will be seen that only one-third of the chlorine in the salt, 
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the origi^kl raw material, appears as gaseous chlorine, the re* 
mainder being run to waste as calcium chloride. The improve¬ 
ments which have been suggested in the preparation of chlorine 
by the use of manganese dioxide as an oxidising agent, have been 
in the direction of reducing this waste of two-thirds of the 
chlorine. In the most hopeful of these, magnesium Airbonate 
is substituted for calcium carbonate for neutralising the still 
liquors, in order that advantage may be taken of the fact that 
magnesium chloride decomposes when heated with the evolution 
of a part of its chlorine as hydrochloric acid. The neutralised 
still liquor is evaporated to dryness, and the residue roasted in 
air, so that chlorine is evolved and magnesium manganite, which 
can be used as an oxidiser in the qhlorine stills, remains. By 
this means a larger proportion of chlorine can be obtained, 
amounting to GO per cent, or more of that in the salt. This 
process is not at present in extended use. 

Numerous oxidising agents, other than MnD 2 , have been 
suggested for the production of chlorine, but that which has 
alone, proved moderately successful is atmospheric oxygen, em¬ 
ployed as in the Deacon process. The principle of this process 
is expressed by the equation 2HC1 + 0 — H 2 0 + Cl 2 , which can 
only be realised—and then partially—when both the HOI and 
H 2 0 are gaseous, as the decomposition of 2 mols. of HOI 
(gaseous) involves the absorption of 44 Cal., and the formation 
of 1 mol. of 11, 2 0 (gaseous) evolves 587 Cal.; this leaves a balance 
of 147 Cal., so that the reaction is exothermic, whereas, when 
both substances are liquid the reaction is endothermic, and, 
therefore, cannot take place spontaneously. The oxidation of 
HC1 by atmospheric oxygen can be effected by supplying energy 
from without in the form of heat; but the process is slow and 
incomplete. In the presence of cupric chloride, however, the 
reaction takes place more readily, inasmuch as cupric chloride, 
by dint of its facility for dissociating into cuprous chloride and 
chlorine at 400° C. ~ 752° K, acts as a carrier of oxygen from the 
air to the hydrogen of the HOI. The stages of the reaction may 
be represented thus (according to Hurter):— 

(1) 2 CuC1 2 = Cu 2 Cl 2 + Cl 2 . 

The oxygen of the air then reacts with cuprous chloride 
thus— 

(2) Cu 2 Cl 2 + 0 2 — 2CuO + (Jl 2 . 

The cupric oxide is regenerated to cupric chloride by the action 
of thfc* HOI— . 

(3) CuO + 2HC1 = CuCl 2 + H 2 0. 

The sanA) cycle of changes is then repeated. 

* In practice, the gaseous HC1 from the decomposing pans of 
• salt-cake furnaces (that from the roasters is too dilute) is cooled 
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fcy passage through long pipes and a scrubber, and freed 

from the bulk of the steam which accompanies it; it is 
then heated by traversing a stove similar to th*se used for 
hot-blast furnaces (see Yol. I.) to a temperature of 500” G. 
= 932“ F. The acid gas is pulled through the whole apparatus 
by a Koo«s blower at the exit end, enough air being drawn in 
through the doors and flues of the furnace which heats the 
decomposing pan. About 4 vols. of air to 1 vol. of IIC1 are 
required. This mixture of gases, having passed through the 
stove already referred to, enters the decomposer, which consists 
of a vertical cast-iron cylinder, shown in horizontal section in 
Fig. 10. The mixture of gases passes into the outer annular 

space, A, then through the 
annular layer of active 

# material, I>, and escapes into 

the cylindrical centre space, 
0, whence it is drawn oil' by 

,l The active material con- 
sists of burnt clay broken 
into lumps and saturated with 
a solution of cupric chloride, 
the mass containing 0 - G to 0*7 
per cent, of copper. After 
having been used for a time, 
corresponding with an output 
of 10 to 12 cwts. of bleaching 
... 1/V lx powder, the material ceases 

r J 1 ®* ^composer to \ )e active and must be re- 

for Deacon s chlorine process. . , 

newed. I he decomposer is 

A. Annular space ; B, active material; not externally heated, the 
(’, centre space; I), pipe. temperature of the incoming 

gases sufficing to carry on the 
reaction. The best results are obtained when the temperature 
within the decomposer is kept between 450° and 4G0° 0. (842° 
and 860° F.). The exit gases from the decomposer contain from 
one-half to one-third of the chlorine which is present, in the free 
state, the remainder being still as HOI, which is condensed in 
the usual way. If the gas is to be used for making bleaching 
powder, it is dried by passing up a tower fed with vitriol. 
When properly worked the process yields a gas containing as 
much as 10 per cent, of chrlorine, but this strength is much below 
that of the gas obtained from manganese stills, and on account 
of this comparative dilution the bleaching-powder chambers in 
which it is absorbed differ in detail from those described below 
for stronger chlorine. • 

A number of attempts have been made to use nitrA acid,* 
frequently in the presence of sulphuric acid, to oxidise hydro- 


Fig. 10.—Decomposer 
for Deacon’s chlorine process. 

A. Annular space ; B, active material; 
(’, centre space ; I), pipe. 
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chloric v4id to chlorine, the nitrous oxides produced bein^ 
absorhea in sulphuric? acid, and regenerated. The method has, 
however, nw.t with very little success. 

Production of Bleaching Powder.—The process for manu- * 
facturing bleaching powder, or chloride of lime, consists in 
passing chlorine over slaked lime, which absorbs the gas, forming 
“chloride of lime.” The reaction which occurs is still a subject 
of discussion, but, whatever its course, it appears to result in the 
production of a compound CaOl.OCl, which, on contact witli 
water, decomposes according to the equation— 

2(CaC1.0Cl) = Ca(OC'l) 2 + CaCl a . 

The calcium hypochlorite [Ca(OCl) 2 ] and chloride (CaCl 2 ), formed 
in this way, dissolve in the water, leaving a residue of unaltered 
slaked lime. 

The. slaked lime must be prepared from “fat” quicklime by 
sprinkling with water, in order that no excess of the latter may 
be present, and must be sifted from unslaked lumps. It is spread 
on shelves in large leaden chambers, about 100 feet long, 7 feet 
high, and 10 to 20 feet in width, the floor being made of stone 
slabs. The chlorine is admitted into these systematically, and 
the progress of absorption is judged by the colour of the gas as 
observed through windows in the walls. When the yellow 
colour has disappeared, the lime is turned over by spades and 
fresh chlorine is admitted, after the absorption of which the 
process is complete. When the chambers are not worked in sets, 
the excess of chlorine' is drawn off and absorbed in milk of lime, 
to make bleach liquor. The bleach maker is not allowed to let 
gases containing more than 2£ grains of chlorine per cubic foot 
escape into the air. When dilute chlorine, such as is obtained 
in the Deacon process, is used, systematic working is a necessity, 
and the chambers are much larger than usual. 

The average yield of bleach is about one and a-lialf times the 
weight of the slaked lime used. When properly made, it is a 
nearly pure white powder, which becomes slightly damp when 
exposed to air, and decomposes in the presence of moisture and 
C0 0 , which cause it to give ofl' hypochlorous acid ; it is the 
presence of this body which gives chloride of lime its character¬ 
istic smell. It should contain at least 35 per cent, of “available 
chlorine”— i.e., chlorine ill a condition to effect oxidation, and, 
therefore, bleaching action. 

Where a local market exists for bleach, “bleach liquor” is 
sometimes prepared fyy passing chlorine into milk of lime, con¬ 
taining 1 to 1| lbs. of slaked lime per gallon of v ater, ^nd 
mechanically agitated. It contains calcium hypochlorite and 
calcium'bhloride, and the available chlorine, per unit of lime, is 
‘iiigherthanin bleaching powder, because lime is more thoroughly 
\ attacked when iu an emulsion than when in the solid state. 
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Che eau de JaveUe ami can de Labarraque iirst made*j# France 
are “chloride of potash” and soda respectively, and are pre¬ 
pared bv passing chlorine into solutions of the corresponding 
carbonates, whereby the chlorides and hypochlorous acid are 
prod need— 

^ T a„CO s + 4CI + H,0 = 2NaCl + C0 2 + 2HOCI. 

They contain more available chlorine than bleach, but are less 
stable. Liquid chlorine, contained in steel cylinders at a pres¬ 
sure of 8 atmospheres, is now a commercial product. It boils at 

- 33-6° C. = - 28“ F., and its specific gravity is 1-33. 

Potassium Chlorate.—This salt is also a bye-product of the 

manufacture of alkali by the Leblanc process, free chlorine being 
essential for its production. While hypochlorites are formed 
when chlorine is passed into cold alkaline liquids, chlorates are 
produced when the temperature is near 100' C. - 212° F. In 
the manufacture of potassium chlorate, calcium chlorate is first 
prepared, thus— 

GOa(OH).. + 1201 = 5CaGT a + Ca(C10 3 ) 2 + CILO. 

This is decomposed by the addition of potassium chloride, thus— 
Ca(CIO,j 2 + 2KC1 ~ OaCl 2 + 2KCT0 3 . 

Tt is cheaper to form calcium chlorate as an intermediate product, 
because five-sixths of the potash in caustic potash, if that were 
used directly, would be converted into chloride, a comparatively 
low-priced salt. 

The first stage in the process consists in passing chlorine into 
east-iron cylinders containing milk of lime and provided with 
agitators, several such vessels being worked systematically. The 
heat evolved during the reaction raises the temperature suffi¬ 
ciently to induce the production of calcium chlorate instead of 
calcium hypochlorite. Even in careful work a certain amount 
of oxygen is evolved from the decomposition of calcium hypo¬ 
chlorite, representing a corresponding loss of chlorate, this loss 
being smaller when an excess of chlorine is present. The finished 
liquor, which is pink from the presence of calcium permanganate, 
is run into settlers, and potassium chloride is added. The clear 
liquor, containing potassium chlorate and calcium chloride, is 
run off, and the mud, containing impurities iu the slaked lime, 
is washed, the washings being used in making the next hatch 
of milk of lime. The chlorate liquor is boiled down in iron 
pans until its specific gravity is 1-35, when potassium chlorate 
crystallises; the salt is recrystallised before it is marketed. The 
nnfther liquou contains at least 12 per cent, of the total chlorate, 
part of which may be recovered by cooling the liquor to#-- 20° C. 

— ~ 4 ]?., when more potassium chlorate crystallises. • It is* 
efonomieal of chlorate to substitute magnesia for lime, as a 
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portionVtf the magnesium chloride produced can be crystallised 
before adding the pot&ssiura chloride, and the final mother liquors 
are less hutycy and hold less potassium chlorate in solution. 

Potassium chlorate is anhydrous, and is used in the manufac- ^ 
ture of matches, fireworks and explosives, and generally as an 
oxidant. Sodium chlorate, which is preferable for somfc purposes 
to potassium chlorate, on account of its greater solubility, may be 
made by removing a part of the calcium chloride from calcium 
chlorate liquor at a temperature of 10° to 12° 0. - 50° to 54° F., 
and adding sodium sulphate; the precipitated calcium sulphate 
is filtered off, and the solution of sodium chlorate is evaporated 
to crystallisation. In Hargreaves’ method dry sodium carbonate, 
bicarbonate, or hydrate is acted on by chlorine at an elevated 
temperature and the mass systematically leached with water, a 
strong solution of the easily soluble sodium chlorate being finally 
obtained, from which the salt is then crystallised. The salt is 
anhydrous. 


II. THE AMMONIA-SODA PROCESS. 

This process—which was first put into practical shape by 
Solvay (1863), although the knowledge of its fundamental 
reaction is of much older date—depends on the fact that when 
solutions of sodium chloride and ammonium bicarbonate are 
mixed, double decomposition occurs, resulting in the formation 
of ammonium chloride and sodium bicarbonate, the latter being 
precipitated on account of its sparing solubility in solutions of 
the former. In practice, the ammonium bicarbonate is formed 
in situ by passing carbon dioxide into a brine saturated with 
ammonia, the reaction proceeding thus— 

Nad + NH 3 -l- C0 2 + H a O = NaIlCO s + NII 4 CI. 

The ammonia is recovered by treatment of the N Hj.01 solution 
with lime, according to the equation— 

2NH 4 C1 + Cft(OH) s - 2NH 3 •!- CaCl* + 2H,0. 

The carbon dioxide is also partly recovered in the process of con¬ 
verting the sodium bicarbonate into the normal salt, Na 2 C0 3 — 

2NaHC0 3 '= NajCO, + H 2 0 -I- C0 2 . 

As the fundamental reaction belongs to the reversible class, the 
conversion of the sodium chloride is incomplete, only about two- 
thirds being obtained as carbonate. ( 

The manufacture consists of two essential operations, the <Sne 
being the preparation of a pure brine saturated with ammonia, 
‘the other the carbonation of this'brine with lime-kiln gases and 
with the C() 2 recovered as indicated above. 
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•The purification of the brine from the magijesi .. }n (fyJQc, and 
silica, and its saturation with ammonia, arB effected in t :;e same 
operation in an apparatus which is typified by Fijj. II. The 
vessel, A, is filled with brine, and receives a charge of lime 
■which is to precipitate the impurities above mentioned. The 
brine is then allowed to flow into li, where ammonia, from the 



Fig 11. —Brine saturator for ammonia-soda process. 

A, Vessel for purifying brine; B, saturator ;* C, false-bottom distributor; 
)), water coil; 15, salt injector. 

still to be subsequently described, is introduced through the 
distributor C, the liquor being kept cool'by the water coil, 0. 
f o ensure saturation of the brine, which may have been diluted 
by the water accompanying the ammonia blown in, salt'may be 
introduced through the pipe, t?. 

By circulation of the liquor between A and JB, thorough 

4 



50 (MANUFACTURE OF ALKALI AND ITS BYE-PRODUCTS. 



Fig. 12.—Carbonating 
tower for ammonia-soda process. 


mixture is obtained, and when 
saturation, as indicated by the 
alkalinity of test samples, is 
complete, the sludge is removed, 
mainly by decantation, in a 
separate vessel provided with 
an overflow pipe and a sludge 
cock. The clarification is then 
completed by passage through 
a filtering cloth before the brine 
is passed through the cooler, 
which consists of a series of 
pipes constructed on the prin¬ 
ciple of a Liebig’s condenser. 
These movements of the atn- 
moniacal brine are actuated by 
a force pump which serves at 
the same time to raise it to the 
top of the carbonating tower. 

This apparatus, represented 
in Fig. 12, is a cast-iron cy 1 inder, 
A, some 40 to 50 feet high, 
containing a number of fixed 
diaphragms, B, about 3 feet 
apart, each with a central hole 
through which a rod, 0, passes 
down the whole length of the 
tower. To this rod are attached 
perforated, saucer-like plates, 
I), D, at such distances that 
they rest upon the fixed dia¬ 
phragms, B. The ammoniacal 
brine is introduced at the 
middle of the tower by the 
pipe, E, from the storage tank, 
situated at the level of the 
main, F, about 12 feet from 
the top of the tower. The 
pipe, (>, serves to equalise pres¬ 
sure between the main, F, and 
the top of the tower. It will 
be seen that the column is kept 
filled up to the level of F with 

A, Cylinder ; 15, -diaphragms ; C, 

rod; I), D, perforated plates; E, 

liquor injection pipe; F, main; 

G, pipe for equalising pressure; 

H, exit pipe; K, gas injection pipe. 
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ammoniacal brine, and it will be undgfstood that r Dy this 
arrangement of introducing the ammoniacal liquor at the 
middle of the column of liquid, the ammonia carried upwards 
bv the ascending current will be fixed by the OCX, which the 
to]) part of the column has already absorbed ; the advantage ot 
having aitimonium bicarbonate at this part of the column arises 
from its being less volatile than ammonia itself, so that a smaller 
quantity of this valuable reagent is carried away with the waste 
gases through the pipe. 11. than would be the case if the liquor 
were let into the top of the column. The introduction of 
the lime kiln gases, containing about 30 per cent, by volume 
of C(X, is effected by pressure through the pipe, K, at the base 
of the tower. A certain amount of systematic working is attained 
by forcing gases rich in (!()., from the. ignition of the Nall 00.,) 

into the cylinder, through” this lower pipe, where they act upon 
nearly spent ammoniacal brine, and passing gases poorer in 00 2 
t)itough a pipe in the upper part, where they meet a richer brine. 
The lime kiln gases used must be cool and free from fine dust 
and SO* ; these objects are attained by washing with water both 
before and after compression. The CO., is generally so far used 
that the exit gases contain about 10 per cent., besides some 
ammonia which is absorbed by passage through a new batch of 
brine, followed by a .scrubbing witli sulphuric acid. 

The most favourable temperature for the realisation of the 
double decomposition between the sodium chloride and am¬ 
monium bicarbonate is 15° C. — 50° F., and in order to maintain 
this as nearly as practicable, the heat of the reaction is removed 
by external cooling of the carbonating towers by a stream of 
water. It is claimed that the expansion of the compressed lime 
kiln gases, as they pass through the column of liquid, contributes 
to this cooling effect.* 

As the crystals of sodium bicarbonate form, they collect on 
the perforated diaphragms down which they slide, passing through 
nicks in the circumference of these, and through the central 
holes of the fixed diaphragms, forming a sludge at the bottom of 
the cylinder ; a certain amount of agitation can be imparted to 
the diaphragms to promote the subsidence of the crystals. The 
sludge of crystals flows from the bottom of the cylinder on to a 
vacuum filter, is washed with a small quantity of water, and is 
then ready for conversion into soda ash! 

The mother liquor and washings from the vacuum filter 
contain, on account of the imperfection of the reaction and the 
solubility of sodium bicarbonate, sodium .chloride (frequently 
amounting*to one-third of that present in the original brine), 
sodium bicarbonate, ammonium bicarbonate, and ammonium 
chloride. The mother liquor is, run into the ammonia recovery 
apparatus (v.i.), and yields as final products ammonia and 
ammonium carbonate —which are returned to the brine satura- 
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tors—ftJd sodium 'chloride, which is run away. Thug, that 
portion of the sodium bicarbonate which remains dissolved in 
the mother liquor is reconverted into sodium chloride, and is 
run to waste. 

On account of the comparatively small demand for sodium 
bicarbonate, the bulk of the first product of the amiftonia-soda 
process is converted into soda ash, but a portion of it is re¬ 
crystallised, to eliminate adhering ammonia, in an atmosphere 
of 00 2 under pressure, and sold for making baking powder, «fec. 
The conversion into soda ash is carried out by heating the 
bicarbonate in a horizontal cylinder provided with an agitator, 
or in retorts. The carbon dioxide, carrying the small quantity 
of ammonia, is returned to the lower portion of the carbonating 
tower. The apparent density of ammonia soda-ash is about 0*i% 
while that of Leblanc soda-ash is 1*2. When a dense form of 
soda-ash is required, a second furnacing is adopted. L»y reason 
of its mode of preparation, ammonia soda-ash is free from caustic 
soda, and may contain a little bicarbonate. 

Caustic soda can be produced in the ammonia-soda works by 
caustieising the ash with lime in the ordinary way (see Vol. II., 
p. 30), but the process is more costly than with Leblanc soda, 
because in the latter case, as has been shown, the crude soda- 
ash contains a considerable amount of caustic soda; this finds 
its way into mother liquors which have no analogue in the 
ammonia-soda process, where what mother liquor there is 
(from the carbonating towers) must be used for the recovery of 
ammonia, in the course of which operation the sodium bicar¬ 
bonate contained in the liquor is decomposed. A method of 
caustieising dry soda-ash is, therefore, of special value for the 
ammonia-soda process. The most promising consists in heating 
soda asli with ferric oxide, whereby C()._, is expelled and a loose 
compound of Na.,0 and Fe 2 0 :5 , sodium ferrite, is formed. This is 
decomposed on treatment with water, giving a concentrated soda- 
lye and ferric oxide which can be used over again. Tlx; evapora¬ 
tion of the concentrated soda-lye is a comparatively economical 
process. 

Production and Recovory of Ammonia.—The process for 
the recovery of ammonia in the ammonia-soda process does not 
essentially dill'er from that adopted for the preparation or recovery 
of ammonia in other industries—e.y.,the preparation of ammonium 
sulphate at the gas works. The following general description 
of the apparatus employed will, therefore, apply to all eases 
where this gas is produced or recovered :— 

Most sources of crude ammonia contain annnonn as speh, 
ammonium carbonate, frequently sulphide, aifd non-volatile 
ammoniacal salts. The first tjiree of these constituents are 
sufficiently volatile to be expelled when the liquor is heated, 
therefore the fraction of ammonia thus obtained is known as 
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“free ammonia,” while the non-volatile must be^heated 

with some base stronger than ammonia— e.<j. } lime—the fraction 
liberated in this manner being known as “iixed ammonia.” 

A still adapted for general use consists of two portions, the 
me arranged for the expulsion of “ fret; ammonia,” the other for 



A, Liquor inlet; li, dephlegmator ; C. gas exit pipe; D, D, stills ; 

E, E, sludge cocks; F, lime inlet. 

the*liberation,of “fixed ammonia.” The separation of a more 
irom a less volatile substance, such as ammonia from water, is 
best effected by the process of fractional distillation, whjph is 
always aided by some kind of dephlegmator; in ammonia stills, 
as in alcohol stills, this takes the form of a fractionating column. 
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The\quor containing free and fixed ammonia is run through 
the pipe, A (Fig. 13), into the fractionating column, B, the 
internal construction of which is similar to that used for dis¬ 
tilling spirit, and is described in the section dealing with this 
subject. During its passage down this tower, the liquor en¬ 
counters a current of steam, and becoming heated, farts with 
its volatile ammonia together with other gases, the products o( 
the dissociation of volatile ammonium salts, such as ILS and 
00.,. These gases pass away by the pipe, C, and if the ammonia 
is to be converted directly into ammonium sulphate, as is the 
case at a gas works, it is sent into the saturator containing 
sulphuric acid, as described in the section on gas manufacture. 
When the ammonia is used to saturate brine in the ammonia- 
soda process ( v.s .) it needs no further treatment, inasmuch as 
only ammonia and carbon dioxide are present. 

From the bottom of the fractionating column, the liquor, con¬ 
taining the fixed ammonia, enters the still proper, D, D. For 
continuous working several such stills are used, so that one mav 
be in operation while another is being emptied, a system of dis 
tributing-pipes and cocks serving to connect each at will with 
the column. The lime necessary for freeing the ammonia is 
introduced into the stills, either as milk of lime through a 
pipe, F, or as lumps contained in an iron cage. The whole 
apparatus is heated by the injection of steam, the heat necessarj 
to liberate the fixed ammonia and to work the rectifying column 
being thus obtained. The spent sludge is run off from D by a 
sludge cock, E, at the bottom of the still; in the case of tin 
ammonia-soda process the “sludge" consists chiefly of calciun 
chloride, together with some sodium chloride derived from th< 
decomposition of the sodium bicarbonate remaining in solutior 
after the bulk of this salt has separated in the carbonating towers 
Thi3 decomposition occurs thus — 

NafICOs + NH<C1 = NaCl + NH, + H a 0 + CO,. 

Such sodium chloride as has escaped conversion in the carbon 
ating towers (us.) will also be in this sludge liquor. 

Recovery of Chlorine in the Ammonia-Soda Process.— 
Whereas in the Leblanc method of making soda, one-third of tin 
chlorine in the original salt is recovered as an essential part o 
the working cycle, in the’ammonia-soda process none is obtainec 
by the ordinary manner of working. Various suggestions havi 
been made to remove this drawback. ‘ According to the methoc 
of working described above, the chlorine appears finally as cal 
cium chloride, this plan being obligatory from the secessitv o 
recovering ammonia. An obvious economy consists in tin 
direct recovery of both the constituents of ammonium chloride— 
‘ viz., '-NH 3 and HC1—which is rendered the more feasible oi 
account of .the ease with which ammonium chloride is disso 
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cTated on volatilisation. No practicable method of sJyirating 
the NH 3 and HC1 in the dissociated ammonium chloride having 
yet been devised, it is, therefore, necessary to employ some base 
% capable of combining with the HOI. The base chosen for this 
purpose must be sulliciently feeble to allow of decomposition 
of the cofresponding chloride on heating in air. Most of the 
basic oxides, save the alkalies and alkaline earths, fulfil this 
condition, but magnesia presents many advantages over others 
that could be used. 

One of the best methods of this class is that devised by 
Mond. The liquors from the ammonia-soda process are cooled 
considerably below 0° C. — 32° F., and the ammonium chloride 
which separates, together with some suit and sodium bicarbon¬ 
ate which do not interfere, is volatilised in antimony-lined 
vessels (which resist its attack), and passed over heated (400° 0. 
<= 7h:T F.) magnesia, whereby magnesium chloride and ammonia 
are formed, which latter is returned to the ammonia-soda plant. 
After sweeping out the residual ammonia by a current of inert 
gases (CO„ and N) heated to 550° C. = 1,032° F., the converter 
is heated to 800 or 1,000° U. = 1,472° to 1,832° F. in air 
supplied from a Cowpcr’s hot-blast stove (see lrun t vol. i., 
p. 131), whereby magnesia and chlorine are produced. It is 
claimed that gases containing 7 to 10 per cent, of chlorine 
are thus obtained. The magnesia serves lor repetition of the 
process. 

The ease with which magnesium chloride (and in a smaller 
degree calcium chloride) is decomposed by being heated in air, 
may be utilised for the recovery of chlorine from the' still liquor 
of the ammonia recovery process. Tn the case of calcium chloride, 
the comparative stability of this substance militates against 
success.* l»y substituting magnesia for lime in the ammonia 
stills, magnesium chloride appears in place of calcium chloride 
and can be treated by the Weldon-Tediumy method. 

This process, which may also be applied both to obtaining 
chlorine from aqueous hydrochloric acid by previously converting 
it into magnesium chloride, and for the manufacture of chlorine 
from the waste magnesium chloride obtained in working tip 
Stassfurt salts (see /Vu.v//, Vol. II., Chap. XVIII.), consists 
essentially of three stages. In the first, magnesium oxychloride 
is synthesised by grinding magnesia with a strong solution of 
magnesium chloride, tin? composition of the moist mass approxi¬ 
mating to the formula 5Mg0.4 ATgOl.,. This oxychloride is reduced 
to pieces of the size of a walnut, and dried by passage on waggons 
through a Seated chamber at 300° C. = 572° F. The dried oxy- 

* The decomposition of calcium chloride is aided by the presence of au 
acid oxide, the cheapest that can lx* applied being silica, thus:— 

CaCI + Si0 9 + 11*0 = CaO.SiO + 2HC1. 
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chlorid vwhich has Jost half its water and some 5 to 8 per ceifc. 
of its chlorine as tttJl during the drying, is filled into narrow 
firebrick chambers previously heated by a locomotive regenera¬ 
tive furnace to a temperature of about 1,000° 0. = 1,832° F., and 
heated air is passed over it. Forty-five per cent, of the chlorine is 
thus evolved free, 40 per cent, as 1101 (derived by the action of the 
residual water in the dried oxychloride), and the balance remains 
in the residue, which is cooled and returned to the process. The 
escaping gases, containing some (> to 8 per cent, of chlorine, the 
remainder being HC1, N, and surplus air, pass into a condenser 
consisting of a stone tower filled with a number of cross tubes 
of glass, through which water is circulated. Here the water is 
condensed, and the. gases next pass through a series of bom- 
bonnes, and finally through a coke scrubber, in order to condense 
fully the 11 Cl. The chlorine is utilised for making bleach and 
chlorates. ' 

III. OTHER CHEMICAL PROCESSES FOR MAKING 
ALKALI. 

Several other processes for making alkali have been devised, 
but their application has been limited. They depend upon the 
following general principles:—(1) The decomposition of a sodium 
salt by means of a base capable of forming an insoluble pre¬ 
cipitate with the acid of the sodium salt, such as is expressed by 
the equation— 

Na 2 S0 4 A- Ba(OH)* = 2NaOH + UaS0 4 . 

(2) The treatment of a sodium salt at a high temperature with 
an acid radicle capable of displacing the radicle in the sodium 
salt at that temperature, and of forming a new sodium salt, 
decomposable by water or C0 2 , thus— 

(1) 2NaCl A- Si0 2 + H 2 0 = Na*SiO* + 2HC1. 

(2) Na 2 8i0 3 + CO* = No*CO* + 8i0 2 . 

A process of this class, which has been put into actual work, is 
the Cryolite Process, in which sodium carbonate is produced 
as a bye-product in the manufacture of aluminium sulphate— 
3NaF.AlF s + 3CaC0 3 = Na 3 A10 3 + 3C&F* + 3C0 2 . 

In this case the alumina functions as an acid oxide, yielding 
sodium aluminate, which can be decomposed in aqueous solution 
by 00 2 — 

2Na 3 A10 3 + 3CO a = 3Na 2 C0 3 + A1 2 0 3 , 

the alumina being subsequently converted into aluminium‘sul¬ 
phate. 

ThO principles of methods (1) and (2) may be combined, as in 
the Staveley process, in which sodium sulphate is treated with 



ALKALI, BLEACH, AND &ILORATKS PRODUCED BY KLRCTR$/felS. 57 

calcium carbolate, (C 6 H & 0).,Ga, made by agitating cruel'’carbolic 
acid with milk of lime; the reaction proceeds thus— 

NaoS0 4 + (( VH 5 0).,Ca =-• i>C 6 U ft ONa CaSU 4 . 

The sodium carbolate thus obtained is decomposed by C0 2 , crude 
carbolic acid being regenerated— 

2C G H 5 OXa + (;0„ ■ 1U> - Xa,C(), + 2(.\ ; ll 5 0ll. 

Alkali, Bleach, and Chloratos produced by Electro¬ 
lysis.—When fused sodium chloride is submitted to electrolysis, 
chlorine is evolved at the anode and metallic sodium at the 
cathode; in the presence of water the sodium is never liberated 
as such, because of the immediate formation, in its place, of 
caustic soda and hydrogen, HOil i Na. - .NaOll 4 - H. In an 
open cell the hydrogen thus evolved tends to combine with the 
chlorine by diffusion through the liquid, and 11 Cl (and finally 
JSaUl) is regenerated; a similar contact of the anode and cathode 
products--namely, chlorine and caustic soda—gives rise to the 
formation of sodium hypochlorite and sodium chlorate (see Elec¬ 
trolytic bleachiny, Vol. IT., Chap. XIF.). It follows that when 
caustic soda and chlorine are to be produced, the anode and the 
cathode products must be separated— e.y., by a porous septum. 
The decomposition of sodium chloride under these conditions 
uiay be represented by tho equation— 

NaCl + HUH = NaOH + 11 + Cl. 

Cathode. Anode. 

The voltage of the current, and, therefore, the total electrical 
energy needed to decompose a solution of salt, is necessarily 
greater when hydrogen is liberated, and chemical work thus 
done, than when the evolution of hydrogen is prevented ; in 
some systems the hydrogen is oxidised by the use of an oxidant, 
such as copper oxide, which can be readily regenerated by 
heating in air; in this case the superfluous work done is 
represented finally by the reduction of CuO to Cu, instead of 
by the more energetic reduction of H„0 to H s . In practice, 
too, it is advantageous to suppress this hydrogen, for mechanical 
reasons. 

The simplicity of the production of alkali and chlorine by 
electrolytic methods is largely discounted by the difficulty of 
finding a material capable of withstanding the action of nascent 
chlorine, and of preventing re-corn bination of the products of 
the electrolysis. Platinum-iridium alloys, which would Jorm 
% best •material lor anodes, are inadmissible on account of 
their cost, and recourse is generally had to blocks of gas carbon 
(retort scurf), or to artificial carbon blocks. The cathodes are 
^nerally made of iron, copper being occasionally used 

According to the way in which the products of the electrolysis 
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are sepnA-ted from‘each other, the different methods whicfi 
have, so far, been worked with any degree of success may be 
divided into three. In the first and oldest of these, the 
electrolytic cell is divided into two compartments by means 
of a diaphragm, which allows of the passage of electricity (and 
of dissolved ions) through it, but prevents the liquid#! as such, 
from mixing. The anode is placed in one compartment, which 
also contains the salt solution to bo electrolysed, whilst the 
cathode and water are put into the other. Chlorine is drawn 
off from the anode compartment in some suitable manner, and 
caustic soda (and hydrogen) are produced in the cathode com¬ 
partment. Great difficulty has been experienced in constructing 
a diaphragm capable of resisting the action of the alkaline 
solution, and yet possessing low electrical resistance. Cement 
made up with a salt solution and hydrochloric acid, from which, 
after setting, the salt is extracted with water, is said to make 



the most efficient diaphragms. In the Hargreaves-Bird process 
a mixture of asbestos, sodium silicate solution, and Portland 
cement is worked into a sort of felt, which is then further 
soaked in sodium silicate solution. In this process sodium 
carbonate, and not caustic soda, is the end product. No 
liquid is put into the cathode compartment, but the cathode, 
consisting of copper gauzfc, is placed close to the diaphragm, 
and steam and C0 2 blown in, whereby a solution of sodium 
carbonate is obtained, hydrogen being also given off. The 
Ilargr.’caves-Bird process has been worked on a large scale 
and is likely to prove a commercial success. * « 

In a second type of process no porous partition is employed, 
{he separation of the caustic liquqr from the salt solution being 
effected by taking advantage of the difference in their specific 
\ gravities. Here the anode, A (Fig. 14), is placed in the stone- 
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ware oell, B, which clips into the liquid in the electron tic cell, 
the cathodes, C, 0, which are made of iron wire netting, being 
placed outside the bell. Strong sodium chloride solution is 
continuously supplied to the cathode through the pipe, 1), and, 
as a consequence, the caustic soda around the cathodes is pre¬ 
vented fi^mi passing into the bell and re-combining with the 
chlorine, which is drawn oil through E by means of a slight 
suction, the alkaline liquor being continuously drawn off by 
the overflow arrangement, F. It always contains a certain 
amount of’ unaltered chloride, but may be freed from almost 
the whole of this by evaporation to a small bulk, when the 
chloride crystallises out, being nearly insoluble in concentrated 
solutions of caustic soda. The system illustrated has not proved 
to be a financial success in this country, but the principle is 
plain and is being applied in other directions with some modifi¬ 
cation of detail. 

The processes in which the metallic sodium, liberated by the 
electrolysis of brine, is dissolved in mercury as fast as it is 
formed, and the amalgam produced then exposed to the fiction 



of water, constitute a third variety of the electrolytic method. 
The Oastner-Kellner is the only one of these which lias proved 
successful. Here the cell is divided into two parts by a stone¬ 
ware (non-porous) partition, P (Fig. 15), which reaches almost 
to the bottom of the cell, a metal cap being placed at its lower 
end. The floor of the cell is covered with a layer of mercury, 
M, which amalgamates with the metal cap of the partition, and 
thus prevents the liquids in the two compartments from mixing. 
Concentrated brine is placed in the anode cell, B, from which 
chlorine escapes by the pipe, C, whilst water is contained in 
th-% cathode compartment, A. The mercury in B, acting as an 
intermediate electrode, becomes charged with sodium, and the 
amalgam is then immediately transferred to A, where thq^ 
sc*dium is oxidised to caustic soda, with evolution <5f the 
corresponding amount of hydrogen at the cathode. The 
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transference of the* amalgam from one- compartment to thS 
other is elfected eitRer, as shown in the figure, by slightly 
inclining the cell from B to A—the mercury being returned 
to B by means of a pump—or else by supporting one end of 
the cell on a knife-edge and the other on an eccentric, by 
means of which an up and down motion is given t<f the cell, 
which causes the mercury to flow backwards and forwards. 
In the last ease the cell used is much shallower than that 
shown in Fig. 14. 

On account of the fact that sodium amalgam reacts with 
water per se, the quantity of sodium present in the amalgam 
is slightly smaller than that corresponding with the chlorine 
liberated at the anode, or the hydrogen liberated at the 
cathodo. Now, in the cathode compartment of the cell (that 
shown on the right-hand side of the figure), the sodium 
amalgam there present is fulfilling tlio function of an anode. 
As stated above, it does not contain quite enough sodium to 
correspond with the hydrogen liberated at the cathode proper; 
consequently, the equivalent of this excess of hydrogen tends 
to appear as oxygen at the surface of the mercury. The. result 
is that the mercury becomes slightly oxidised, and does not 
flow freely from cathode to anode compartment, and does not 
readily absorb sodium. To avoid this inconvenience, and to keep 
the mercury clean and mobile, a secondary cathode is inserted 
in the mercury itself, so that a small fraction of the current is 
thus shunted, and a smaller (juantity of hydrogen than strictly 
corresponds with the quantity of chlorine is evolved at the 
surface of the main cathode ; hence, a correspondingly smaller 
oxidising action takes place at the surface of the mercury, and 
no oxygen over and above that necessary for oxidising the 
Bodium is supplied. As a result, the mercury remains clean. 
As the device, though usual enough, may not be clear at a 
glance, the principle may be stated in another way:—If all 
the products of the cell when once formed were inert, there 
would he no necessity for any addition to the usual electrodes; 
but as one of them, the sodium, tends to dissolve per se, irre¬ 
spective of electrolytic action, the balance of anode and cathode 
products is destroyed, and seeing that the current in passing 
must liberate an equivalent quantity of anode and cathode 
products, the appearance of some anion equivalent to the 
sodium dissolving per se is inevitable. Because the electro¬ 
lysis takes place in water (in the cathode compartment) this 
anuyi is oxygen. It can most readily be suppressed bv 
diverting that part of the current which would liberate i^ if 
allowed to follow its normal course, or, alternatively, hv pro¬ 
viding it with some substance with which it will unite rather 
*t,han «with mercury—viz, hydrogen. Clearly, adopting eitli^r 
method of thought, the proper way to suppress this oxygen is 
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to make the mercury rather more cathodic, than it would he if 
no secondary electrode were employed. 

The electrolytic production of alkali and chlorine is making 
rapid headway on tin* Continent and in America. In (his 
country its progress is slower, hut, nevertheless, two important 
works, usflhg respectively the Hargreaves-Hird process and the 
Castner-Kellner process, are in operation. The conditions 
necessary for successful work are cheapness of power and 
cheapness of raw material (hrine). The latter condition is 
fulfilled here, hut until lately power was rather costly because, 
in the absence of waterfalls, it was necessary to use steam. 
In modern practice gas engines are used, and an economy 
approaching that of water-power can be attained. 

The direct production of chlorates by electrolysis becomes 
possible if the electrolyte he hot and the chlorine and alkali 
allowed to commingle. The method of suppressing hydrogen 
with copper oxide is here convenient, as the use of a diaphragm 
may be then dispensed with and intermixture facilitated. The 
reaction takes place on the following lines;— 

6KC1 + :W,0 = KCK > ; , + iiKCl + 311,. 

The advantage of this method is that a cheap potassium (or 
sodium) salt (the chloride) can be directly converted into chlor¬ 
ate. The addition of calcium hydroxide or alkali carbonate, 
and of a little alkali chromate, is said to he advantageous. 

Hypochlorites are obtained in the same way, the liquid being 
cooled during the electrolysis instead of heated. The electro¬ 
lytic production of chlorates and hypochlorites lias proved so 
successful that the older chemical processes are scarcely able to 
maintain their ground. 

. REVIEW OF THE PROCESS OF ALKALI MANU¬ 
FACTURE.—The keen competition between makers of alkali 
by the Leblanc and the ammonia-soda process lends special 
interest to the consideration of the chemical reasons for their 
relative success. In both cases NaCI, the only practicable 
source of soda, has to be converted into K:i„('<) 3 , a process 
involving the absorption of energy, some idea of the amount 
of which may be gathered from our knowledge that the 
quantity of energy in terms of heat which would he required 
to produce Na^CO., from NaCI by Hie simplest conceivable 
process, expressed by the equation— 

2NaCl + 0 + CO, = Na a CO ;l + Cl 2 

» 

is 1^)0 calfl. The only known method of doing this amount 
of chemical wftrk directly, is by the use of electrical energy. 
The/electrolytic method is still in its infancy, and although it 
se&ns probable that it will eventually supplant the older purely ’* 
chemical processes, the great bulk of alkali made is still pro- 
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duced by these latter, in which the requisite energy is supplied 
in stages. The energy changes of these stages may he briefly 
considered. 

In the Leblanc process, the formation of salt-cake is an 
exothermic reaction, the energy for which is derived from the 
sulphuric acid (itself containing the energy due to the forma¬ 
tion of the dilute acid from sulphur (or pyrites), oxygen, 
and steam or wafer, as well as the energy derived from the 
subsequent concvntration, both in the Clover tower and else¬ 
where). in the black ash furnace the energy absorbed in the 
reduction of Na.,K0 4 to Na.,8 is furnished bv the fuel. There is 
but little energy involved in the double decomposition between 
(luCO., and Na.,8. Thus, in the Leblanc process the chemical 
energy of the sulphur has been utilised in the process, and 
restored in the 'black ash furnace, for the sulphur can be 
recovered from calcium sulphide without the expenditure of 
any considerable quantity of fresh energy. 

In the ammonia soda process the main reaction, involving the 
conversion of sodium chloride into sodium bicarbonate, does not 
require the application of external energy, but the conversion of 
sodium bicarbonate into sodium carbonate—that is, the same 
end-product as in the Leblanc process—requires the application 
of energy in the form of heat. The only other cause of the 
expenditure of energy occurs in the liberation of ammonia from 
ammonium chloride, which is brought about by the action of 
lime prepared by the dissociation of Cat XL into CaO and C0 2 , 
the energy having its origin in the consumption of fuel. The 
fact that the CO., produced during the burning of the limestone 
is necessary in the process, contributes to economy of energy, as 
well as of material. 

It will be clear from this, that the expenditure of energy, in 
the form of fuel, is considerably less than that needed for the 
Leblanc process. The balance against the Leblanc process is, 
however, not all waste, as a portion appears in the form of the 
chemical energy of J101, whereas calcium chloride is the corre¬ 
sponding product in the ammonia-soda process; the difference in 
the chemical energy of these two compounds is well illustrated 
by the relative ease with which chlorine can be obtained from 
them. It is this difference which in the past enabled the 
Leblanc process to retaifi its footing, in spite of the cheaper 
production of alkali by the ammonia-soda process. The im¬ 
provement of such methods as the Weldon-Peehiney for the 
treatment of the residual chloride of the ammonia-soda process, 
tends to nullify this advantage. Before the successful recovery 
of sulphur (Chance process) was practised, the L&blanc process 
was at a still greater disadvantage, for at that time energy ---'as 
expended nearly sufficient to recover the sulphur, which u«ls 
nevertheless thrown to waste as calcium sulphide. Attention 
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ills already been called (p. 5-) to the greater ease, wflh which 
caustic soda is produced from Leblanc sotla ash than from am¬ 
monia soda. The reason why caustic soda and bleach are, best 
prepared by the Leblanc method, and pure soda ash by I he 
ammonia-soda process, will be evident from contemplation of 
the abov#.considerations. At present, however, more than 
80 per cent, of the alkali made on the ('ontinent by purely 
chemical methods is produced by the ammonia-soda process, 
whilst even in this country the Leblanc process produces con¬ 
siderably less than half of the total alkali made. The increasing 
use of electrolytic methods is tending to restore the balance. 
Hydrochloric acid is not produced either l>v the ammonia-soda 
process or by the ordinary electrolytic methods, and it has uses 
of its own (juite apart from its employment as a source of 
chlorine. The necessity for manufacturing the acid is so real 
that already processes have been devised for combining a part 
of the hydrogen and chlorine produced by the customary electro¬ 
lytic methods, in order to obtain hydrochloric acid ; there is a 
waste of energy in such a process, but industrial success is not 
always ruled bv energy considerations. 
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CHAPTER III. 

DESTRUCTIVE DISTILLATION. 

Gonoral Principles.—The term destructive distillation is 
applied to the process of heating a complex substance to its 
point of decomposition. This is generally accomplished by per¬ 
forming the operation in a closed retort, as in coal-gas manufac¬ 
ture, hut may he effected by the limited combustion of the sub¬ 
stance to be distilled, so that the heat generated destructively 
distils the remainder, as in charcoal burning and the manufac¬ 
ture of blast-furnace coke. The class of substances usually 
treated are. such carbon compounds as are split up at a high 
temperature with tin; evolution of gaseous and liquid products, 
a residue relatively richer in carbon being left—a change which 
is indicated by the term “carbonisation.” Such bodies are coal, 
shale, and wood. 

Jt will he understood that the essential difference between the 
process of destructive distillation and that of ordinary distillation 
(such as that of alcohol), consists in the fact that the substances 
collected in the receiver in the former operation do not pre-exist 
in the retort—they are products of the process, not educfs. 

The nature of the products obtained is dependent on tem¬ 
perature, and, in a minor degree, on pressure. K. J. Mills 
has drawn attention to the fact that at high temperatures 
aromatic hydrocarbons—<?.</., those of the benzene' and homo¬ 
logous series—predominate in the liquid products, while at 
low temperatures hydrocarbons of the fatty or paraflin series 
are present in greater amount. To the kind of change caused 
by destructive distillation, the same author applies the term 
“cumulative resolution,” by which he means the polymerisa¬ 
tion of the substance distilled in conjunction with the removal 
of water from it; thus cellulose, 7i(0 (; l 1 10 U r( ), (the typical con¬ 
stituent of wood), may bp viewed as suffering decomposition by 
the following steps:— 

c«h 10 o, - n,o = e,iu> 4 . 

C 6 H 8 0 4 - H 2 0 = 

C e n 6 0 s - Hot) = t'clROa- 

c«ha - h,o = r (i tu>. 

C«H,0 - 11.0 = < v 

He considers that the organic matter in coal and shale contains 
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ciJHxm Which may be represented as existing in groups of C s , so 
» that its ultimate composition, as far as thetarbon is concerned, 
is expressed by ?iC 3 . This group, lie states, can be traced in the 
products of destructive distillation. It has to lie noted, howt ver, 
that it has been shown by Ramsay that pure cellulose yields 
acetic acid«nnd methyl alcohol among its products of destructive 
distillation, and that their formation can scarcely be explained 
by the example of cumulative resolution given above. The 
whole question in its theoretical hearings is complicated by tin* 
fact that the substances which it is customary to distil destruc¬ 
tively are mixtures, and that numerous interdependent reactions 
no doubt happen. Thus, in the destructive distillation of wood, 
an exothermic change occurs at one point of the reaction, while 
with pure cellulose no such effect has been observed. A change 
ol this kind may be attributed to the oxidation of a portion 
of the hydrogen or carbon of the material distilled, at the 
expense of another portion richer in oxygen, the reaction 
being induced by the attainment of a particular temperature. 
Whatever be the precise mechanism of the changes involved in 
destructive distillation, the products usually include hydrogen, 
water, carbon monoxide and carbon dioxide; gaseous, liquid and 
solid hydrocarbons of several series and their oxygen derivatives; 
ammonia, organic bases, and cyanides (if the substance contain 
nitrogen); and sulphuretted hydrogen, carbon bisulphide, sulpho- 
evanides, and bodies of which thiophen is a type (should sulphur 
be present). It is to be noted that the oxygen dematives 
generally precede hydrocarbons in the order of distillation. 
Tin* characteristic products for those classes of substances which 
are destructively distilled on an industrial scale, and the con¬ 
ditions governing their formation, will be dealt with under 
separate headings. It sutliees to state hen* that when wood, 
brown coal, and bituminous shale are distilled, the products 
an* chiefly of the paraffin series, and that when coal is distilled 
they are mainly aromatic. 


I. DESTRUCTIVE DISTILLATION OF COAL. 

Kinds of Coal.—The various kinds of coal have been already 
classified in Vol. L, and repetition is unnecessary. The class 
of coal used for destructive distillation is known, according to 
Griiner’s classification, as .“caking coal burning with a long 
flame.” The average composit ion ranges from carbon 80 to ‘JO per 
•cent., hydrogen t o to G per cent., oxygen 5 to 13 per cent., and 
nitrogen 1 fo 2*5 per cent. These numbers are calculated on the 
coal free from ash, which averages 5 per cent. Coals of this char¬ 
acter are hard, tough, dark, and lustrous, and have a specific • 
granty of 1*25 to 1*35. Various English gas coals exhibit con- 
. f> 
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siderable deviations from these values, and could hardly be class )d 
under Uriiner’s system, The following may be quoted:— 



8p. dr. 

c. 

II. 

s. 

N. 

0 . 

Ash. 1I V 0. 

Newcastle 
gas coal, . 

1 

f 

1*26-1*33'80*2-84 *3 

4*6-5 *3 

0*8-1*3 

0-9-1-7 

4-3-92 

1 *4-5-6.1 1-1*7 

South York 








silkstone, 

1*26 

80-3-82-0 

5*0-5-7 

1*2-1 *6 

I 7-1*9 

5*2-7*2 

2-3-3-3 0 9-1-3 

Derbyshire 








silkstono, 


75-7-70-9 

5*0-5 *8 

2-324 

1*61*7 

5 6-7*5 

3-0-4-4 3-6-3-9 

barn a 1oy 







■ 

gas coal, . 


75*6-76*6 

4-8-5-0 

1-3-2-8 

Hi-1 -7 

(j'9-7’5 

3-9 4*6 0-8-3-5 

(.'annul, 


090 

8-8 


1-9 

8-9 

10-1 










The mere analysis of a coal does not suffice to determine its 
value for gas making, and it is, therefore, customary in gas works 
to put a small quantity through the whole process of distillation, 
in an apparatus similar to that used on the large scale, when 
lx>th the quantity and quality of the gas and coke are determined. 
The yield and quality of both arc dealt with in two subsequent 
sections. Cannel yields a gas of higher illuminating power than 
does gas coal, and it is used for enriching coal gas obtained from 
the latter. 

It should be added, however, that Deville has shown that 
there is a certain connection between the composition of gas 
coals and the nature and quality of the products of their destruc¬ 
tive distillation. The following table exhibits the composition 
of typical gas-making coals, calculated for the pure coal substance, 
free from ash and water:— 


i 

- 

n. 

m. | 

IV. 

V. 

Carbon, 

88-38 

86-97 

85-89 

83-37 

S1 ■(>(> 

Hydrogen, . 

5-06 

5-37 

5-40 j 

5-53 

0 -64 

Oxy«wi, 

5 "56 

6-66 

7-71 

10-10 

11*70 

Nitrogen,* . 

1 -oo 

100 

1*00 I 

100 

1 00 


Of these coals, that represented in column III. has the com¬ 
position typical of the best gas coal; it yields a large quantity 
of gas and coke of good quality. Coals I. and II. give much 
coke, but poor gas. Coals IV. and V. give gas of high illumi¬ 
nating power, hut a small quantity of coke, and that of poor 
quality. The yield of coke decreases with the increase of oxygen 
in the coal, whereas the quantity of tar and liquor increases. 

* Assumed value. 
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ii The amount of aromatic hydrocarbons in thfe products appears 
to be independent of the content of the coal in oxygen, sulphur, 
and ash. 

(A.) CARBONISING IN RETORTS FOR GAS PRO- 
DIJCTION*—The system essentially consists in heating the 
coal in a fireclay retort of elliptical or of O section, set in a 
furnace heated by producer gas. Formerly a furnace burning 
solid fuel—part of the gas coke—was used, but greater economy 
is obtained by using the coke in a producer, 10 to 15 per cent. 



P, Producer; W, water pan; C, primary air channel; T, secondary air 
channel; F, F, exit flues; U, chimney; A, A, A, A, combustion 
channels. 

of coke, reckoned on the weight of coal carbonised, sufficing, 
instead of 25 to 40 per cent. The temperature of carbonisation 
is also higher; this, however, contributes to the production of a 
less valuable tar, which being, moreover, more viscid, causes 
obstructions more readily. For the use of coke in a producer, 
\ ol. 1. A sectiou ol a typical retort oi modern design* 
is show® abovS. Its average dimensions are 9 to 10 feet long, 
16 to 22 inches wide, 13 to 10 inches in height, and the walls 
have a thickness of 3 inches in the*iniddle and 4 incites at tlj$ 
mouth. It is closed by a cast-iron mouthpiece projecting about 
f?16 inches from the furnace (Fig. 16), bolted on to the thick lire* 
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clay end, and provided with an “ascension pipe,” 6 to 7 inches in 
diameter, and with a cast-iron door fitting on a bedplate, made air¬ 
tight by a lever hinge. Nowadays, retorts of double this length, 
with two mouths (“through retorts”), each with its appropriate 
fittings, are used, and are charged from each end. .The mode of 
setting is shown in the illustration. In the case of the through 
retorts, separate furnaces and flues are used for each half. 

The method of heating is as follows An ordinary producer, P 
(Fig. 10), fed with the coke as it is drawn from the retorts (v.i.), 
is built close to the bench of retorts, the distance being the least 
possible to prevent loss of heat from the producer gas in passing 



Fig. 17. —Setting for gas retorts. 


A, A, Section through retorts ; B, B, section through regenerator channel*. 

to the space surrounding the retorts. A primary supply of air 
is drawn over a pan of water, W, placed beneath the lirisbars of 
the producer, but separated from these by a plate. It then 
pp.sses through a firebrick channel, C, heated by contact with 
the flues conveying the products of combustion from the chamber 
containing the retorts, and is thereby heated to about 500° C. 
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a 932° F.; from this channel it enters the producer, where it 
forms gas of the average composition- -CO 20*6, H ImO, UO.,tvo, 
N 35 - 8. This gas at the temperature of l,lf>0 0. = 2,102 K 
passes up tin.* channel, S, when* it. mixes with the *' secondary 
air (which is at a temperature of 1,000° C. --- l,832 } K), drawn 
in through the channel, T, heated by the exit gases passing 
through the neighbouring lines, F, F. In contact with this 
second supple of air the CO and 11. burn to 00., and U.,0, and 
the flame plays round tin* retorts through tin* channels, A, A, 
A. A. the exit ga.M's going to tin* chimney, IJ, by way of the 
Hues, F, F, t he walls of which an* used for heating the secondary 
air supply, at a temperature of 1,100' ('. 2,332' F. A cross 

section through both retorts and regenerator is shown in Fig. 17, 
the former being represen ted at A. whilst the latter i* shown at 1>. 

Charging and Drawing. 'Hi is is still general ly done by ha ml, 
2 to d cwls. of coal being inirodueed into the retort by a h>ng 
scoop, which takes about forty seconds. Alter the distillation 
the coke, is drawn by long mm lakes, and, where tlit* gaseous 
system of heating is in use, a portion falls directly into the pro¬ 
ducer, and the rest is quenched, while the retort is immediately 
recharged. ..Mechanical charging and drawing are, however, 
largely used, ltetorts set at tin angle, of 29" to 36' especially 
lend themselves to mechanical charging and drawing. In West’s 
system the coal is ehaiged Iroin a trolley run into the upper end 
of the retort. The coal must be prevented from reaching the 
lid at the lower end; this is done, by inserting a stay, usually 
a flat iron bar fastened to the mouthpiece. Discharging is 
effected by an automatic scoop, the slope of the retorts facilitat¬ 
ing both charging and drawing. With this type it has been 
found economical to have one central charging stage in the 
middle of the retort-house, from which two sets ol retorts si opt 
down, the discharging stages being close to the walls. 

Tho Process of Distillation. -The quantity and quality of 
volatile products obtained, ami the time occupied by the distilla¬ 
tion, are largely dependent upon temperature. This generally 
ranges from <>16° 0. to 980°0. 1,141" to 1,796° F., and even to 

2,000° F. — 1,093° 0., in a six-hour charge. The quantity of 
gas varies from 10,000 to 12,000 cubic feet per ton. The in¬ 
fluence of temperature upon the quantities of gas and tar pro¬ 
duced is generally seen in the larger volume of gas evolved at 
high temperatures, and the smaller amount of tar. The following 
table exhibits the yield of coke obtained from the coals mentioned 
•n p. 37 ; it varies but slightly with the temperature : — 


# l’crcenUco i 'uko. 

Newcastle gas coal..07 

South Yorkshire silk.stone, ...... 00 

Derbyshire silkstone,. 04 

Barnsley gaa coal,.04 

Carmel. . 50 
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Besides the carbon left as coke, there is a portion, constituting, ( 
however, but an insignificant fraction of the whole, left as a 
dense coherent coating (retort scurf, retort carbon, or,gas 
carbon) on the* interior of the retorts. This is produced by the 
decomposition of a part of the gaseous hydrocarbons evolved 
Irorn the coal, and is useful as rendering the retort impervious 
to the gas, even though it crack, and harmful as reducing 
the capacity of the retort and hindering the access of heat to 
the coal from without. Iietort carbon is used for electrical 
purposes. Chemically, a disadvantage accrues from this decom¬ 
position (“cracking,” see Petroleum , Vol. II., Chap. V.) of 
illuminating hydrocarbons to a point at which they deposit 
carbon—a decomposition which should be delayed until the 
hydrocarbons are burnt in an illuminating flame; per contra , 
heavy hydrocarbons that would otherwise condense in the tar 
are cracked with the formation of less condensible gaseous 
illuminants. As an example of this disadvantageous cracking, 
the following figures, which show the percentage of hydrocarbons 
and of hydrogen in the gas at different periods of the distillation, 
may be quoted : — 


Lapse nf Time after ; 
Cliargiiis;. . 

IlydriH-arlmns. j 

Hydrogen. j 

10 minutes. 

OS per cent. 

2o per cent. i 

\h hours. 

3|i i. 

.10 „ 

31! „ 

3K 

i 52 -• ! 


! ‘24 „ 

| l>7 „ 


Experiments on a large scale have been made on the ell'ect of 
the addition of slaked lime to the coal before its introduction 
into the retort; the amount added is 2*5 per cent.; it is claimed 
that the yield of gas is thereby increased to the extent of 5 per 
cent., but it is of 5 per cent, smaller illuminating power. For 
making illuminating gas this process is not now used. The chief 
object of liming the coal is to increase the yield of ammonia, an 
increase of 20 to 50 per cent, often being observed. That there 
is a large margin for improvement in this respect is shown by 
the following table giving the proportion of nitrogen usually 
appearing as ammonia and in other forms;— 

Per cent, of Total 
Nit rotten. 

Evolved ns animoniii!,.14 oil 

,, cyanogen,.l‘. r >6 

,, uneombincd nitrogen. • , . . . 3.V26 

Remaining in coke,.4S't5.S 

u 100 Oft' 

The introduction of steam iijto the retorts also increases the 
amount of ammonia evolved, but at the expense of the quality 
of the gas. 
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In spite of tin; multiplicity of the substances obtained during 
the process of destructive distillation, as already enumerated, 
they are commercially divisible into gas, tar (together with 
amnioniacal liquor), and coke. It follows from the general 
statement^ which have boon made in the introductory section, 
that these products represent stages characterised by an increase 
in the content of earhon. Thus the gas contains as typical con¬ 
stituents, hydrogen and hydrocarbons of the parallin series; t he 
tar is characterised by hydrocarbons of the benzene and still 
further condensed series ; while the coke approximates in com¬ 
position to carbon free from hydrogen. Their formation is, 
however, not successive hut simultaneous, so that arrangements 
are necessary for separating them as they are produced. At the 
same time it is necessary to remove from tin; gas various con¬ 
stituents which would bo objectionable in its use for lighting and 
heating, Both objects are attained by plant whose arrangement 
is typified in Fig. 18, and which will ho described before con¬ 
sidering the products themselves in detail. 

Plant.—The volatile products are drawn from the retorts. A, 
by the exhausters, B (see below), through the ascension pipes, 
0, and the water contained in the hydraulic main, I), which is 
common to all the retorts, and whose function is to remove the less 
volatile portions of i l.c tar and any solid matter, such as already 
condensed naphthalene and solid carbonaceous material carried 
over mechanically. A further use of this main is to serve as an 
hydraulic seal for the dip pipes, E, as the downward portions 
of the ascension pipes are termed ; these arc immersed to the 
depth of 1 to 1^ inches. This seal prevents the gas finding its 
way back into the retort when the latter is opened for charging. 
The products condensed in the hydraulic main are conveyed 
away by a pipe called the foul main (leading from the end of 
the hydraulic main), and are treated together with the rest of 
the tar. Another pipe, F, at the upper part of the hydraulic 
main conveys the gas to the condenser, which may he an air 
condenser, (1, consisting in older plants of a series of vertical 
cast-iron pipes connected by 0 shaped heads at the top, and set 
into a horizontal box with partitions between each adjacent 
pair, so that the liquid products are collected and the gaseous 
an* free to pass throughout the system v This arrangement has 
the objection that the air warmed by contact with the lower 
part, of each pipe rises, and by displacing the cold air hinders 
condensation: in modern practice this is met by arranging the 
pipes horizontally (see Fig. 18). Water-cooled condensers differ 
iron# the afrove^in that the gas passes up a tower containing a 
number of vertical iron pipes through which water circulates in 
a direction contrary to that of the gas. In most English works 
the air condensers are still preferred, 
fn English practice the exhauster (Beale’s rotatory exhauster, B. 
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is a drum in which a second drum revolves, set eccentrically to 
the outer drum, and carrying a slide traversing the inner surface 
of the outer drum, thus pulling the gas from the retorts and 
pushing it to the succeeding portions of the plant, and is placed 
directly after the condensers. Other systems (e.g. t the Ivort ing) 
which are much used on the Continent involve contact with 
water in the exhausters ; these are, therefore, placed after the 
scrubber in order that the valuable ammonia may not be 
absorbed by the water they contain. 

The scrubber, or washer, II, is designed to extract the 
ammonia from the gas ; at the same time it removes a portion of 
the (•().,, H.,S, hydrocyanic and thioeyanie acids. In its ohh r lorm 
ii consists of towers tilled with wooden chequer-work or packed 
with coke, or provided with perforated horizontal plates, over 
which water is sprayed by a distributor at the top.* The gas 
ascends ami is washed by the descending water. The clogging 
of tin* towers and the formation of channels among the packing 
thereof cause a loss of efficiency, so that other forms (such as 
that shown in the figure) arc used, in which water is continually 
agitated with the gas in a cylinder by means of parallel metal 
discs attached to an axial shaft, which revolves at the surface of 
the water, so that one-half of each plate is continually exposing 
a freshly wetted surface to the gas. All methods of washing 

should be systematic.i.c., the water should travel through the 

washers in a direction the reverse of that of the gas. 

Much of the II 2 S, 0S,„ HON, IfSUN, and (JO., still remains 
in the washed gas, and has to be removed by passage through 
the purifiers, K. Two purifying materials are in common 
use—namely, slaked lime and hydrated ferric oxide. Neither 
of these is perfectly efficient alone nor capable of completely 
removing CS 2 ; but this latter object can he effected by lime 
which bus been partially saturated with II.,S, and thus converted 
into calcium hydrosulphides (Ca(SH)(OH) and Ca(SH) 2 ). 

The hydrated ferric oxide removes II. ,S thus— 

(1) Fc,o 8 . h,o -t :m,s = Fe 2 s 3 + 4ii a o. 

(2) Fc 8 O s . H 2 0 + 3H,S = SJKeS 4- S 4- 4H 2 0. 

The first is the chief reaction. The advantage of the hydrated 
ferric oxide over lime, which would also remove H.,S, is that the 
mixture of Fc 2 N ; , and FeS can be taken out of the purifier and 
exposed to the air whereby it is “ revivified ” in accordance with 
the following equations, in which the water is not expressed:— 

(1) Fe,S, + (), - Kc,O a 4- S*. 

(2) FeS 4- O = FeO 4- S. • 

The FeO becomes converted into Fe 2 0 3 upon further exposure. 

*In lanre works the gas is generally “roughed” in some such washer as 
thy Livesey, which consists of a tank with baffle plates to divide up the gas, 
and is finished in tower scrubbers. The washer-scrubbers described above 
are sometimes used alone. 
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The oxide can be used repeatedly until it is “spent”— i.e until 
it contains so much sulphur (50 per cent.) and other impurities 
as to be inoperative. The revivification can be effected simul¬ 
taneously with the purification, and the labour of removal from 
the purifier avoided, by the; admission of 2 per cent, ^f air into 
the gas before it enters the purifiers; this, however, is objection¬ 
able us introducing the diluent nitrogen; Valon’s process sub¬ 
stitutes oxygen (05 per cent.) for the air. 

The spent oxide is valued in this country for its sulphur, 
which is recovered by burning it in the manner of pyrites 
“smalls” (see Sulphuric acid , Vol. IL, p. 5). As the hydrated 
ferric oxide also removes HON and HSCN it is, when spent, 
valued chiefly on the Continent for the Prussian blue and sulpho- 
cyanides which it is capable of yielding (see Cyanide , Vol. II., 
Chap. XVIII.). 

The lime also removes the C0 2 , together with a portion of the 
Il 2 8 and the CS a , in the following manner:— 

Ca(OH)j + CO* = CaCOa + H.,0 
Ca(OH)* + 2H,S = Ca(Sll)* + 211*0 
Ca(OH)* + H*8 = Ca(>SIi)(OIl) + H 2 0 
Ca(811)* -I- 08* -- L'a<yS ;l -I- ILS 

The sulphur is not recovered from the spent lime, which is 
sometimes reburnt with the elimination of most of the sulphur 
as SO.,, and of all the C0 2 , but with the simultaneous forma¬ 
tion of a good deal of calcium sulphate, the accumulation of 
which soon renders fresh lime necessary. 

The best arrangement for combining the advantages of these 
three purifying materials is as follows:—Each is disposed on 
wooden trays arranged in tiers in an iron box, L, provided with a 
cover, having a water seal to allow of its ready removal. The 
gas is forced by the above-mentioned exhausters through a scries 
of these in the following order:—The first (“carbonate vessel”) 
contains moist slaked lime, and chiefly removes C0 2 ; it is 
incapable of removing much of the 11 2 S, because of the decom¬ 
posing effect of the C(X, on the calcium hydrosulphide which 
would bn formed. The second (“oxide vessel”) is filled with the 
hydrated ferric oxide, generally Irish bog ore containing about 
32 per cent, of F(* 3 0 :) .I1 2 0, finely ground and mixed with an 
equal bulk of sawdust; this removes most of the H 2 S. The 
third (“sulphide vessel”) 4 contains the slaked lime from an 
earlier purifier which has become saturated with II 2 S, and is 
rich iu calcium hydrosulphide; this removes most of the 08^ 
and (.lie sulphur content of the gas is thereby lowered to a 
point such as that adopted as a standard by the Metropolitan <feis 
Referees. The last (“check vessel ”) contains moist slaked lime 
qr ferric oxide, and removes the remaining trace of 1I»S whi^h 
has beta expelled from the calcium hydrosulphide by the €8*. 
i These purifiers are generally worked in pairs. 



PRODUCTS—CAS. 


75 


The use of Weldon mud (see Alkali , Vol. IT., p. 4d) has been 
recently adopted. The chemistry of its action on the II.,8 is 
similar to that of the action of Fe.,0., (v.a.), but traces of H.,8 
are more easily removed by it than bv ferric oxide. Weldon 
mud is easily revivified in sitn by the admission, together with 
the coafgas, of a volume of air appropriate to the percentage of 
11,S to be removed; about 1 per cent, of the volume of the gas 
is generally sufficient, if the vessel be periodically blown through 
with pure air. 

The gas issuing from the purifiers is measured by passing 
through the station metro, M,and is collected in the gasholder, N. 
The pressure of the gasholder is usually sufficient to effect the 
distribution of the gas through the mains unless the consumers 
be at considerable distances, when additional pumps on the prin¬ 
ciple of the locale’s exhauster are necessary for this purpose. 

Products—Gas. -According to Mills the average yield of 

the chief products for large works per 100 parts of coal is.gas 

(specific gravity 0*48, 17 candle power) 16*6 per cent., ammoniaeal 
liquor 111 per cent, (yielding (NJ1,) 2 S0 4 , 087 per cent.), tar 
f)v> per cent., coke 66 per cent. 

The. following table gives the average composition of the gas 
before and after pi rificauon :— 

• UnpiiiiJk<l. j I’lii'lllnl. j 

liy «•!. i IJy v.jL t 

H,. 47 per rent. f>l per cent. 

CH<,.31 ,, 30 

to,. r> 5 

Heavy hydrocarbons t 4 ,, 

JI..S,*. ...... 1 

Nff,. 1 

CO,.| -I 

^.• 1 ,, 1 4 per cent. 

L._.__ ... . ....... .. i .. 

The constituents of the crude gas, which are commonly called 
impurities, are generally quoted in terms of grains per 100 cubic 
feet. Thus, Butterfield * gives the following table as expressing 
the limits for Durham coal carbonised at moderately high tem¬ 
perature :— 

Ora it in per 109 
mliie feet. 

Ammonia, . . . 0 05 to 0*t»5 per cent, by vol. or 20(1 to 300 


Car)mnic acid, 

1 *2 , 

l-s 

,, 980 • 

1,470 

Sulphuretted hydrogen, 

0 9 , 

1 *o 

, 570 „ 

950 

Carbon hiaulplfide, 

0 020 , 

0-035 „ 

28., 

50 

Other sulphur compounds, 



5 ,, 

8 

( vauogen, 

0 05 •, 

o-io 


K)0 ** 

Naphthalene, 

0 005 „ 

0015 

12 „ 

35 


* O'm Manujacture (Chas. Griffin Co., Ltd.). 




76 


DESTRUCTIVE distillation. 


are influence/by the'tcm/“, mposlt ! 0 " an<1 quality of the was* 

below (/- T. wlu). NZ^TS -n'l 011 6 il1 '^ 

fares n amed ' ’ htl<- nul yielded at the tempera- 


D;u k i c*(J 
heat. 


lirialit. ml | llriSi.t. 
t-Sl. I,,.;,, 


feet. of pan per tolly 
illuminate,.. power 0 I cmml 
vets, lit pets (candles),. 
illiiiMiiiatiiij, powc,. (ran,lies) 

0 i‘<itii ecpial weights 

COIlI, . _ ° 

Hydrogen (||) per cent.,' 
Motli.-uie (Ci| 4 ), 

Oirlwu monoxide (CO), ’ 

J < l avy hydrocarbons (cllL,)" 
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2-0 
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.u-o 
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2 \S 
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of American light petroleum which distils constantly at 4« f >° C. 
(113° R). The distance of both lamps*from the screen being 
fixed, the rate at which the gas is burnt is regulated until 
both halves of the screen appear equally bright to an observer 
placed on the side remote from the lamps. The illuminating 
value, liowever obtained, is expressed as the number of 
standard candles to which it is equivalent. This value is 
roughly judged at the gas works by ascertaining what pressure 
is required to yield a flame 7 inches in height-, from a standard 
jet (jet photometer); this depends on the fact that the amount 
of gas issuing from a constant orifice, at constant pressure, is 
dependent upon its specific gravity, which is roughly related to 
its illuminating power; thus, lb-candle gas is about specific 
gravity 0'3G to 0'3H; 19-candle gas, 0‘12 to (H3; 20-candle gas, 
0-1 f> to (MG ; gas from I loghead canned (3f> candle), 0*7f>. The 
lower the specific gravity of the gas, and the lower its illuminat¬ 
ing power, the higher the pressure needed to give a 7-inch flame. 

With regard to the objectionable impurities in gas, the sul¬ 
phur compounds arc injurious in that SO., is produced by their 
combustion, and some sulphuric acid is ultimately formed. The 
ammonia is objectionable from its tendency to form cyanogen 
and oxides of nitrogen during combustion. H.,S is tested f$r‘ 
separately from tl.-> other sulphur compounds, by exposuw * ; 
paper soaked in lead acetate to a stream of the gas (10 eubic'ioet 
in all, per test) ; it should be entirely absent, as shown by the 
paper remaining undarkened. An ingenious instrument has 
been devised for obtaining a continuous record of the freedom, 
or otherwise, of the gas from Il„S, and consists of a strip of lead 
paper caused to traverse a hell jar through which the gas is 
passed, the paper being driven by clockwork at a known rate, 
and entering and leaving the jar by mercury traps. 

The ammonia is next determined by passing the gas through 
a glass cylinder filled with beads moistened with a solution con¬ 
taining a known quantity of sulphuric acid ; from the amount of 
this remaining unneutralised after the experiment, the quantity 
ot' ammonia is calculated In the Metropolis its amount must 
not exceed 4- grains per 100 cubic feet. For determining the 
sulphur compounds, other than IRS, the gas is finally burnt in 
a Bunsen burner and the products of combustion caused to pass 
up a tower filled with glass marbles.* The air in which the gas 
burns is drawn through lumps of ammonium carbonate, the 
vapour of which fixes the SO.,, ammonium sulphite and sulphate 
being produced ; these are caught by the water of condition 
Vid condensed by the cold glass marbles. The water is col¬ 
lected, and "the sulphur in it determined as barium sulphate. 
The sulphur must not exceed 17 grains per 100 cubic feet in 
summer, and 22 in winter. 

The illuminating power of coal gas doubtless depends on the 
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nature and quantities of its constituents, but the relation between 
the two is not yet thoroughly ascertained. 

It is customary to consider the constituents as falling into 
three classes:—(1) The illuminants; (2) the non-illuminant 
combustible gases; (3) the diluents which contribute neither to 
the luminous nor to the heating effect. The illuminating effect is 
generally agreed to he ultimately due to the separation of solid 
carbon in the flame, though the reactions by which this is brought 
about are still under discussion. Formerly it was supposed that 
the unsaturated hydrocarbons, which consist mainly of members 
of the olefine, acetylene, and benzene series, were alone concerned 
in the production of light, inasmuch as these bodies are known 
to burn with luminous flames. At the present time there is 
reason to believe that the chief saturated hydrocarbon present— 
viz., OH, — which by itself has a non-luminous flame, yet 
•when heated to the temperature of a coal gas flame will also 
contribute to the luminosity by its decomposition, so that the 
former criterion known as “carbon density,” by which term was 
implied the ratio of carbon to hydrogen in the unsaturated hydro¬ 
carbons, is of doubtful value. Hydrogen and carbon monoxide 
are the chief non-illuminant combustible gases, and serve to 
raise the temperature of the flame, upon which the incandescence 
of the carbon depends. Nitrogen and carbon dioxide are the 
main diluents, and diminish the luminosity of the flame by 
absorbing heat, and by increasing the volume of the flame. 
The proximate composition of an average sample of coal gas 
(South Metropolitan) is, according to V. B. Lewes, 


Hydrogen, .... 

Per cent. 

57*08 

Unsaturated hydrocarbons, 

4-38 

Saturated ,, 

33 99 

Carbon monoxide, 

‘2<>3 

„ dioxide, . 

0-79 

Nitrogen, .... 

0-9(5 

Oxygen, .... 

Carbon bisulphide, 

0*1 f> 

O'O'J 


Inasmuch as the illuminating power of gas depends largely upon 
the conditions of combustion, as distinct from the composition of 
the gas itself, much attention has been paid to the form of burner 
which shall combine the highest illuminating effect with the 
smallest consumption of gas. There are four types of burners 
in general use (1) The simple jet so arranged as to spread the 
flame in a broad thin sheet, with or without a regulating valve 
for governing pressure — e.y., the common “batswing ’ and 
“fishtail.” (2) The Argand, in which a greater supply «f air ij 
obtained by means of a glass chimney surrounding an annular 
flame, the temperature of which is raised by the heat radiated 
frtfm oils side of the ring to the other. (3) The regenerative 
* Containing acetylene, 0*035. 
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burner, in which the gas is burnt in a ring and the products of 
combustion are caused to circulate rournt the air supply, and 
thus heat it; such are the Wenham, Siemens, and Fourners. 
{■U The incandescence burner, such as the Welsbaeh, in which 
an air-gas flame (f.i.) plays upon refractory material, in the 
form of a #ap or mantle, and heats it to incandescence. 

The air-gas, or Bunsen, flame is produced by allowing the gas 
to stream from a small orifice, whereby it produces a lowering 
of pressure in its immediate neighbourhood, and draws in a 
supply of air (about two and a-half times its volume), with 
which it mixes as it passes up a wide tube, burning at the 
end of this tube with a flame which is rendered non-luminous, 
partly by the diluting action of the air, and partly bv the 
presence of sufficient oxygen to burn the hydrocarbons without 
the intermediate liberation of carbon. The advantage's of this 
flame are that it is hotter in certain portions than a similar 
luminous flame, and that it does not deposit soot. If arrange¬ 
ments be made to admit more air than two and a half times 
the volume of the gas, the flame becomes smaller and burns 
with a greenish inner cone, and is much hotter, as well as 
more uniform in temperature, inasmuch as the action of excess 
of oxygen overcomes the diluting effect of the air. Such 
burners are known as “solid flame burners,” and must bo 
provided with a metal gauze cap to prevent the explosive 
mixture of gas and a«r taking lire down the tube. The action 
of the gauze is similar to that in a Davy safety-lamp, and 
depends upon the fact that if the heat of a flame be rapidly 
conducted away, the flame is extinguished. A quiescent, mix¬ 
ture of gas and air is only explosive when the, quantity of 
gas lies between 5 and 30 per cent, of the total volume of 
the mixture. Burners of this description are used for gas 
fires and cooking stoves, and the same principle is applied 
in the Kern burners used in connection with incandescent 
mantles. The Welsbaeh mantles themselves are a mesh-like 
conical fabric, consisting of 98-88 per cent, of thorium oxide 
and 1*12 per cent, cerium oxide. They are made by repeatedly 
dipping cylindrical cotton fabrics, almost free from ash, 8 inches 
long and about 15 inches in diameter, and open at both ends, 
in an aqueous solution of the nitrates of thorium and cerium; 
the mantles are then wrung out, placed on wooden moulds, and 
dried at a gentle heat. One end of each mantle is then sewn 
together with an asbestos*thread, a loop of asbestos being also 
made, by means of which the mantles are afterwards supported 
on cleft* fireclay stick in the centre of the burner. After 
having been sewn, the mantles are suspended from a hook, the 
cotton is burnt off by applying a flame, and the mantles are 
“ shaped ” and hardened by heating them from within 'in a 
press-gas flame, so as to expand them equally in all directions. 
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During this burning the mantles contract a great deal. Th&y 
are next dipped into collodion solution, which enables them to 
bear transportation and a certain amount of handling, but which 
burns off the first time the mantle is used. As a rule, the name 
of the mantle is painted on after it has been dipped. 

Lately it has been suggested to treat the impregnated mantles 
with ammonia, so as to leave hydroxides instead of nitrates of 
the metals. Collodion has also been proposed as a basis for the 
mantles instead of cotton, threads being spun from a solution 
of collodion to which an alcoholic solution or emulsion of the 
nitrates has been added, in the same way as for artificial silk 
(Vol. II., Chap. XII.). The nitrocellulose in the threads is 
reduced by means of a solution of formaldehyde in benzine, or 
other solvent in which the nitrates are insoluble, after which 
mantles of the usual shape are woven and treated as above. 

The relative illuminating power of gas burnt under different 
conditions is shown by the following table:— 



Candle Power 

British Thermal 


per Cubic Foot 

Units per Camlh 


pel - Hour. 

Power per flour. 

Flat flame, 

2 

347 

Argand,. 


31o 

Siemens regenerative. 

2(5 

201» 

Wenham,.... 

4 f> 

1 f>4 

Wei si Mich, 

ISO 

30 


From this it is seen that, apart from other considerations, 
such as first cost and cost of maintenance, the incandescent 
system is the most economical. 

The conversion of the chemical energy of coal gas into light is 
extremely imperfect, only about 0’5 per cent, of the total energy 
appearing as luminous vibrations in tin; case of a common Argand. 
Degenerative burners have about double this efficiency — viz., 
1 per cent. The quantity of energy appearing as luminous 
radiation from an incandescent electric lamp supplied by a gas 
engine and dynamo is about 0*75 per cent, of the chemical energy 
of the gas consumed in the engine, while if an arc light be used 
the efficiency rises to 35. per cent. 

For the utilisation of coal gas for domestic heating and as a 
source of mechanical power, see Vol. I. 

Enrichment of the Gas.—This was, until recently, wholly 
effected (when done at all) by carbonising sufficient cannel coal 
to bring the illuminating power to the required standard. *The 
quantity generally used is about 10 to 15 per cent, of the coal 
‘carbonised. The cannel is mixed with the ordinary gas coal, 
and the two carbonised together. The name “ cannel ” is from 





ENRICHMENT OP COAL GAS. 


81 


• 

the word “candle/' the analogy arising from the fact that a 
splinter of the coal burns brilliantly when ignited. Cannel is 
of the nature of a shale rather than of a true coal, and its 
composition (p. U7) indicates the divergence, which is also 
illustrated by the quality of the tar obtained during the dis¬ 
tillation. # This contains so much paraffin that it is of little 
value to the tar distiller. (Compare Shale, Vol. 11., p. 105). The 
candle *ower of cannel gas varies according to the quality of the 
cannel and the temperature of distillation, but is usually as high 
as 30 c.p. The following analyses of gas supplied to Scotch 
towns are given by P. Frankland :— 



1 ii- 

IlJmniu- Kiit mw | i'<t 

SaUiliik-d 







Ih.lln- 

Ily.lin- 

II. 

CO. 

<’»-■ 

o. 

N. 


i’OWIT. i-;, r 1n>|,s. 

rarlioiif-. 






Edinburgh, 

30 12 23 

421)3 

33 24 

(5 (51 

0-3.) 

1 *00 

3 (54 

Glasgow, 

27 10-00 

40*2(5 

31) * IS 

7-1-1 

0-20 

00(5 

3 07 

St. Andrews. 

27 , HHU 

42*13 

:i3-03 

ft* Hi 

2 73 

0-4S 

2'S3 


From these it will he seen that the unsaturated hydrocarbons, 
or “ dluminants,” are present in more than twice the quantity 
found in ordinary coal gas, and that the saturated hydrocarbons 
are also considerably higher, while the hydrogen shows a cor¬ 
responding decrease. The difference of illuminating power is 
dependent upon these facts. 

The increasing dearness and badness of cannel have led to the 
use of other methods of enriching gas. That at present most in 
use consists in adding a regulated amount of water gas, charged 
with the vapours of comparatively heavy hydrocarbons, to the 
gas produced in the retorts from common gas coal. 

Water gas is the product of the action of steam upon heated 
carbonaceous fuel, the fundamental reaction governing its forma¬ 
tion being TT.,0 + C ~ CO + TT 3 (sec Vol. I.). Its average 
composition is:—H 40*17, OIL 0*31, CO 43*55, CO® 2*71, 

N 4*0(5, H.,S 0*2. 

After it has left the generator, the water gas passes into the 
first brickwork chamber ( carburettor) where petroleum oil (which 
may be fairly crude, but must be free from cokey residue when 
distilled), such as “solar oil”—a product from the distillation 
of Russian petroleum, intermediate betoken the burning and 
lubricating oils (see Petroleum ,, p. 133), of specific gravity 0*81— 
is stayed «ir, and then into oho second chamber (superheater) 
where the-oil'•which has been already vaporised and partly 
decomposed or “cracked” is “fixed”— i.e., resolved into more 9 
nearly permanent gases. This enriched water gas is fhen 
scrubbed, passed through purifiers, and mixed with the purified ‘ 

f> 
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coal gas from the carbonising retorts. The benefit to the coal 
gas will be gathered from the following analysis of a sample of 
New York oil-water gas: — H 26*25, saturated hydrocarbons 
28*91, CO 27*12, N 1*02, unsaturated hydrocarbons 15*80, 
candle power 29*68. The character of the unsaturated hydro¬ 
carbons produced during the cracking and fixing is but little 
known; there seems reason to suppose, however, that they are 
relatively rich in benzene, or other closed-chain hydrocarbons. 

If the gas coke be used for making water gas, 1 ton of coal 
could first be mhde to yield 12,000 cubic feet of coal gas, and 
the resulting coke (about 60 per cent, of the weight of the coal) 
could produce about 18,000 cubic feet of water gas and 66.000 cubic 
feet of producer gas. The respective fractions of the total energy 
of the coal thus represented are host compared as follows :— 



Cu. ft. x Cal. { Cal. 

Coal gas, ..... 

12,000 x 170 

2,010,000 

Water gas,. 

IS,000 x 74 

1,382,000 

Producer gas, .... 

06,000 x 28 

1,848,000 



5,220,000 


Taking the coal as having a calorific value of 8,300 Cal.— i.e ., 
yielding 8,300,000 Cal. per ton of 1,000 kilos.—this is equivalent 
to an efficiency of 63 per cent. It will be noted that the heat 
required to distil the coal destructively must he deducted if 
the net efficiency of the process has to be reckoned. The cost 
of carburetted water gas is not very different from that of 
coal gas, its advantages lying less in cheapness that in ease of 
control and adaptation to the maintaining of the illuminating 
value of the coal gas with which it is mixed. It has a special 
value in countries containing anthracite but little bituminous 
coal, as by this means the former can be used for the production 
of lighting gas by conversion into water gas and subsequent 
enrichment of the product. 

Other methods of enriching gas, depending on the intro¬ 
duction of the vapour of hydrocarbons less costly than benzene, 
into the coal gas, have proved more difficult of application owing 
to the tendency of the vapours to deposit in the delivery pipes. 
Nevertheless, considerable success h$s attended the use of the 
system in which a light petroleum oil ( carburine , specific gravity 
0*08) is passed through steam-heated pipes, and the vapour is ,■ 
admixed with the gas. One gallon of such oil wfil impart 1 
candle power to 8,000 cubic feet of gas. Th& cheapening of 
benzene by its recovery from coke ovens (q.v.) has led to its 
proposed use for enrichment. 

Another system of the same class is that known as the “albo- 
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carbon,” in which the gas passes over «melted naphthalene 
heated by the burner itself. All these methods of enrich¬ 
ment entail the consumption of the gas immediately after the 
enriching vapour has been introduced. 

The conversion of a portion of the tar into gas has also been 
proposed for enriching gas. This is cfleeted in the Dinsmore 
process by allowing the gas, direct from the ordinary retorts, 
and, therefore, still containing its tar, to pass through an empty 
retort kept at a regulated temperature, whereby a portion of 
the tar is gasified. The use of cannel for enriching is rendered 
unnecessary by this plan. As a consequence of the secondary 
heating of the tar and g:is, the former is, in both quantity and 
quality, inferior to ordinary gas tar, and there is also some 
risk of decomposing a portion of the ammonia in the gas. The 
process has therefore not come into extended use. 

Acetylene. —It has also been proposed to use acetylene 
(C.,lf 3 ) to enrich coal gas, but as its “enrichment value” in 
mixtures with coal gas is very low, it is not suited for this 
purpose. Acetylene is evolved when calcium caibide (UaC. 2 ) 
is brought into contact with water— 

CaC, + 2H a O = Ca(OH), + CJL. 

Calcium carbide has been extensively manufactured, within 
the last decade, by heating a mixture of lime and coke in an 
electric furnace. The commercial carbide contains about 80 per 
cent. CaC 2 , and yields some 10,000 cubic feet of acetylene per 
ton. The gas is evolved in special generators, in all the best 
forms of which the carbide is dropped piece by piece into an 
excess of water. It must be purified from PH 8 , NH 8 , and 
il.jS, which are always present owing to the impurities in the 
coke and lime. Purification is generally effected by leading 
the gas through bleaching powder or sodium hypochlorite; mix¬ 
tures containing lead chromate and acid solutions of copper salts 
are also occasionally used. The action of the gas on copper and 
brass is greatly diminished by this purification, and the purified 
gas is no longer self-inflammable. 

Being an endothermic compound (C 2 , H a = - 47,750 gram- 
units), and capable of easy decomposition with separation of 
carbon, acetylene burns with a flame which is of high tempera¬ 
ture and of high illuminating value (240 candles per 5 cubic 
feet per hour). Water at 18° C. (64° F.) dissolves about its own 
volume of the gas, acetone five to six volumes. A pressure 
' atmospheres liquefies acetylene at 18° 0. (64° F.) to a colour¬ 
less liquid, of specific gravity 0-4. The liquid appears to be 
capable of violent explosion when rapidly heated or detonated. 

Acetylene is now used to a Considerable extent as an iilu- * 
minant in places where coal gas is not readily available. Mixed 
with oil gas (o.i.), it is used for lighting railway carriages in 
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Germany, a mixtnrcrof 25 volumes acetylene and 75 volumes oil 
gas possessing three times the illuminating power of 100 volumes 
of oil gas. Owing to the high temperature of the flame, acety¬ 
lene has also found some application as a heating agent— e.g ., for 
soldering purposes. The carbon deposited by the incomplete com¬ 
bustion of the gas is stated to have a high value as a pigment. 

Oil Gas.-—Although not used for enriching coal gas, oil gas 
is conveniently treated here on account of the similarity of its 
mode of preparation to that of the hydrocarbons used for 
enriching water gas (p. 81). On the Pintsch system, shale or 
petroleum oil is run at the rate of 12 gallons per hour from a 
cistern on to a sheet-iron tray contained in the upper of two 
O-shaped cast-iron retorts set in a furnace. it is there 
“cracked,” and the products passed from the opposite end of 
the retort down into the second retort, which is the hotter. 
The temperature of the retorts is very high, and the operation 
is conducted under a pressure of 3 to 4 inches of water. The 
gas passes through condensers, is washed by passage through 
water, and is purified by a mixture of lime and sawdust before 
passing into the gasholder. The yield of gas is about 80 cubic 
feet per gallon; its candle power is about 50 to 60. The gas 
is rich in hydrocarbons of the olefine and benzene series, to 
which it owes its value as an illuminant. The sole use for oil 
gas in this country is in supplying lights for railway carriages 
and buoys. For the former purpose it is compressed to about 
10 atmospheres, and during the process deposits a liquid rich in 
benzene and toluene, commercially known as “hydrocarbon,” in 
the proportion of about 1 gallon per 1,000 cubic feet. It losi-s 
illuminating power by this separation, and after compression is 
of about 40 to 50 candle power. 

Gas Liquor.—This product is the aqueous portion of the 
liquor condensed in the hydraulic main and condensers, together 
with the water used in the scrubbers. It consists mainly of a 
solution of ammonium salts, a number of which are those of 
feeble acids, such as hydrosulphurie and carbonic acids. These 
salts are easily split up on boiling the liquor, so that the ammonia 
combined with them is termed “ free ammonia.” The remainder 
are salts of stronger acids, and can only be decomposed by an 
alkali stronger than ammonia, such as lime. The ammonia in 
this condition is called “ fixed ammonia.” The following analysis 
of a Leeds gas liquor (Dyson) shows the usual composition :-~- 


Ammonium sulphide, . 

,, monocarbouate, 

, chloride, . 

, sulphocyanide, x 

, sulphate, . 

, hyposulphite, . 

, ferrocyanide, . 


Grams per litre. 


39-16 

14-23 

1- SO 
019 

2- 80 
0-41 
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me volume of gas liquor to be disposed of in the works will 
depend on the character of tin; coal, the conditions of distillation, 
and the amount of ammonia which is permitted to remain in the 
purified gas, and varies greatly in different works. Coals used 
in London yield comparatively little liquor from the hydraulic 
main, hut the gas has to he sent out containing not more than 
t grains of ammonia per 100 cubic feet; a considerable quantity 
of water has to he used in the scrubbers to attain this end. 

The varying amount of ammonia, obtained in the liquor in the 
hydraulic main from different coals, is shown in the following 
table :— 


I'iM-il JUT <mt. ! Km* pi r •■■.■lit. 


I 


SilUstnm*, 1, 

1 so 

U-35 

,, 2, 

2‘21 

0 27 

,, . 

2 “27 

0-17 

Turk gun;, 

2' 10 

0 70 

Canm-l, .... 

1 00 

0*4(5 


The liquor from small works, in agricultural districts, is some¬ 
times applied directly as a manure*, hut in large, works it is used 
for the production of ammonium sulphate, which is also chiefly 
used for manurial purposes (manure salts), see Artificial 
Manures, Vol. II., Chapter IY. Incidentally, the sulphur 
present as ammonium hydrosulphide is evolved as H„S, which 
is burnt in Claus kilns (see Alkali , Yol. II., p. 38) for the re¬ 
covery of the sulphur. 

The working up of, the gas liquor for ammonium sulphate is 
carried out in the following manner:—The liquor is heated to 
drive off the free ammonia, and the vapour is absorbed in sul¬ 
phuric acid, forming ammonium sulphate, which crystallises and 
is periodically fished out. It is the common practice in England 
to use only that part oi the ammonia which is liberated on 
distilling the liquor alone, hut sometimes, especially on the 
Continent, the fixed ammonia is liberated by the addition of 
lime. A typical apparatus is described in the section dealing 
with the recovery of ammonia (see Ammonia-Soda Process, Vol. 
II., p. 53). 

Commercially, ammoniacal liquor is evaluated by the number 
of ounces (avd.) of pure oil of vitriol required to saturate 1 grdlon 
of the liquor. The common strength is about 8 ounces. 

Coal Tar.—Coal tar may be considered as comprising those 
products of the distillation which distil at a temperature ahov<^ 
the boiling point of benzene (80° C. = 176° F.), containing in 
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solution small proportions of more volatile products, of the 
same classes as those which occur in the gas itself. The con¬ 
densation occurs in the hydraulic main, the condensers, and to 
a smaller extent in the scrubbers. The specific gravity of tar 
varies between IT and T2, and is usually between IT2 and 
1*15. The influence of the temperature of distillation on the 
specific gravity and yield of coal tar for different kinds of coal 
is shown by the following table:— 


Class of Coal. 

Temperature 

Specific 

Percentage 

of Distillation. 

Gravity of Tar. 

\ ielrt ou Coal. 


( Very high, 

1-210 

5-74 

Derbyshire black shale, No. 1, 

< Normal, 

1-185 


( Vory low, 

1-145 

5-88 


( Very high, 

1-1207 

0-47 

Derbyshire black shale, No. 2, 

j Normal, 

1-185 


/ Very low, 

D136 

7 29 

Notts top hard cannel, . 

j Normal, 

| Very low, 

1-147 

1-116 

10-92 

11 -86 


Tar is a very complex mixture, and contains tile following 
classes of substances :—(1) Hydrocarbons of the paraffin and 
benzene series, the former in small quantities; naphthalene, 
anthracene, and their homologues. (2) Phenols and their con¬ 
geners. (3) Sulphur compounds, including H 2 S, CS 2 , mercaptan 
and thiophen, present in small amount. (4) Nitrogen compounds, 
such as ammonia, aniline, and other organic bases. (5) Com¬ 
pounds of uncertain character, rich in carbon, constituting the 
pitch. Of these the benzene hydrocarbons, the phenols, the 
naphthalene, anthracene and pitch are present in largest 
quantity, and are separated by distillation in the following 
manner:—The tar is always wet with gas liquor, and is separated 
from this as far as possible by subsidence, as the presence of 
water causes frothing in the stills. The retort is a vertical 
cylindrical vessel with an inwardly curved bottom and a dome¬ 
shaped top through which a thermometer passes ; it holds about 
25 tons, ft is heated by direct firing, and is fitted with steam 
jets at its lower part for blowing in steam towards the end of 
the distillation. Occasionally horizontal cylindrical stills with 
mechanical stirrers are used. The vapours pass from the still 
head to the condensers which are usually cast-iron worms cooled 
with water in the usual way. The ■ products are collected in 
closed tanks which are changed as the different fractions, best 
indicated by the temperature of their distillation, cpme oyer; 
an outlet must be provided for permanent gases such as H 2 S, OS*, 
and paraffin hydrocarbons, which are evolved at various stages of 
The distillation, and is either connected with a chimney shaft, or, if 
nuisance must be avoided, with a set of scrubbers and purifiers, 
or burnt under boilers. 
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The distillate is collected in the following fractions:—(1) First 
runnings, up to 105° C. = 221° F. (2) Light oil, up to 210° C. 
- 410° F. (3) Carbolic oil, up to 240° 0. = 464° F. (4) Creosote 
oils, up to 270° 0. - 516° F. (5) Anthracene oil, from 270 u C. 
to the “ pitching point,” which varies according to whether hard 
or soft pitch is to be made. In modern practice the first two 
fractions are frequently collected together. Although the re¬ 
ceiver is changed at the above-mentioned temperatures, it must 
be remembered that the fractions will contain compounds which 
boil at higher temperatures than those named, on account of the 
tendency of one vapour to carry over others at its boiling point, 
even though their boiling points be higher. The proportions of 
the five fractions vary greatly. The following is the typical com¬ 
position of Beekton tar :— 


First runnings, . 

3'6G per 

cent., 

( consisting of ammoniacal liquor, 

< 200 per cent.; crude naphtha, 

Light oils, . 

11)2 

( 1 (>6 per cent. 

Carbolic and creosote oil 

Is, 15-70 

,, 


Anthracene oils, . 

20-73 


containing crude anthracene (30 
per cent, real anthracene), 1 -'JO 

Pitch, ... 

50-20 


per cent. 

Loss, .... 

2-00 




100 00 




The first runnings consist of ammoniaoal liquor—which is added 
to, and worked up with, the main quantity previously separated 
by subsidence- -and crude naphtha, which consists of hydro¬ 
carbons of the benzene series, mainly benzene and toluene, 
accompanied by the more volatile impurities of coal tar, such 
as OS.„ thiophens, etc. This is generally worked up with the 
light oils. 

The light oil (specific gravity about 0'9) derives its name from 
its being lighter than water; it consists of a large number of 
hydrocarbons of the benzene series, among which benzene is 
present in minor quantity ; toluene and the three xylenes occur 
in somewhat greater amount, together with heavier hydrocarbons. 
Bases of the pyridine series and tar acids or phenols are also pre¬ 
sent. The first step in working up the light oil is redistillation, 
which takes place in a still similar to that used in distilling tint tar; 
the distillate is then divided into first*runnings, which are similar 
to those obtained from tar itself and are worked up with them 
as described below for crude naphtha, and last runnings, which 
contain the phenols and are added to the carbolic oil. • 

•The elude naphtha is first agitated successively with strong sul¬ 
phuric acid and caustic soda; the former combines with the bases, 
dissolves part of the thiophpns and olefines, and chars othyr 
impurities; the latter removes the tar acids (phenols) and ifeutral- 
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ises residual sulphuric acid. Inasmuch as tlm acid also convert 
phenols into sulplimpc acids, from which the phenols arc no 
easily recoverable, it. is preferable to treat first with caustic sod; 
(specilic gravity 115) to remove these, ami then with sulphur! 
acid, finishing by washing with a weaker solution of soda. Tin 
“acid tar,” as the spent acid is termed, is used for molting am 
monium sulphate after the separation of the coarser impurities 
and as a source of pyridine bases used to denature alcohol l'oi 
industrial purposes in Germany. The spent soda is acidilin 
with sulphuric acid, and the liberated tar acids worked up will 
the carbolic oil. The naphtha thus purified is fractionated in £ 
still of the same pattern as that used for the tar itself, the dis 
tillate being collected up to 140” C. =--- 284“ F. for benzols, and 
trom 140” to 170” C. = 338' V. for solvent naphtha. The dis¬ 
tillate up to 140' C. is about 50 per cent, of the total, and that 
between 140“ and 170“ O. 25 per cent., the remaining 25 per cent, 
being heavy oil, which goes to be worked up with tile carbolic 
oils. 

The fractionation of the crude benzol is effected in a still 
heated by a steam coil, and provided with means for injection 
steam towards the end of the distillation. In this and the 
subsequent rectifications the still is fitted with adephlegmator-- 
that is to say, an arrangement for condensing the less volatile 
products and returning them to the still; it is generally either 
a coil surrounded by water kept at a constant temperature, or a 
tower similar to that used in the Coffey still (see Unwin,, and 
Distilling, Vol. II., Chap. IX.). 

The benzol is mainly required by the aniline colour maker 
who uses two qualities—one containing some 70 per cent, of 
benzene and about 25 per cent, of toluene, and known in the 
trade as “90 per cent, benzol,” meaning that this proportion 
of it distils below 100” C. ;* the other containing about 44 to 48 
per cent, of benzene and much toluene, and known as “ 50 per 
cent, benzol,” meaning that this proportion of it distils below 

100 c. 


By regulating the temperature of the dephlegmator, either 
quality may be obtained, or the hydrocarbons themselves may 
be isolated ; benzene (boiling point, 80° 0. = 170“ F.), toluene 
(boiling point, 111° C. = 232° F.), and* xylene (boiling point, 
138 to 141° C. = 280° to 280° if.)—a mixture of the three 
isomeric hydrocarbons thus known—are now articles of com¬ 
merce. The purest benzene is obtained by freezing the com¬ 
mercial product: its melting point is 5-5“ C. = 42” F. 

Betides these products from the crude benzol, a portiop boiling 


* In this and all other cases, ‘ ‘ benzol ” is used to signify the commercial 
product, while “benzene” indicates C e H 0 . Both are absolutely distinct 
ffbni benzine.” which is a petrolenm'product. The terms toluol and 
xylol are commercially used fur toluene and xylene. 
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up to 170° 0. = 338° F. (compare p. 88) is marketed as “sol¬ 
vent naphthathis is similar to the fracflon boiling between 
140° to 170° 0. from the distillation already referred to. of the 
washed crude naphtha. Solvent miphthd consists largely of 
xylenes and cumenes, and is so called from its application as 
a solvent f(& indiarubber. It should be free from naphthalene, 
which is often present in a similar fraction used for burning in 
street lamps, and known, therefore, as “ burning naphtha/’ 

The carbolic oils, which are included with the creosote 
oils mentioned in the analysis of tar quoted above, amount to 
4 to 5 per cent, of the original tar. The point at which (lie 
receiver of the tar still is changed, is fixed not only by the 
temperature, but by the appearance of solid naphthalene in the 
distillate, an indication that the bulk of the “ tar acids ” * 
(phenol and its homologues, commercially known as carbolic 
and cresylic acids) lias come over. The oil is filtered from 
such naphthalene as separates on cooling, and is extracted with 
a solution of caustic soda which dissolves out the tar acids. A 
cheaper method is that known as the West-Knight and Gall pro¬ 
cess, which consists in treating the oil with a mixture of lime 
and sulphate of soda, whereby sulphate of lime and the sodium 
salts of the tar acids, “sodium earbolate,” are formed. The un- 
alracked neutral oil is sometimes worked up for naphthalene 
iq.t ), or if this be not wanted the oil is returned to the light oils, 
inasmuch as it contains benzene homologues. The alkaline solu¬ 
tion of sodium earbolate is generally mixed with the alkaline 
washings of the light oil (t>.*.), and treated with sulphuric acid, 
which sets free the tar acids, these floating upon the aqueous 
liquid as an oily layer. The sodium sulphate formed is practi¬ 
cally valueless where caustic soda has been used for extracting 
the tar acids, but can be used over again when a mixture of sodium 
sulphate and lime has berm employed. In any case the aqueous 
liquor is drawn off, the crude tar acids allowed to settle for a 
day or two, and sold as “ crude carbolic acid ” of specific gravity 
1*05 to T065. The “crude carbolic acid” is worked up for 
“ pure carbolic acid ”— i.e., phenol, C fl II & (OH). 

The crude acid contains, besides phenol, cresol, water and 
some neutral oils. The separation of phenol and cresol is effected 
either by fractional distillation or fractional precipitation of 
their solution in caustic soda with sulphuric acid. When an 
insufficient quantity of acid is added to a solution containing 
the sodium salts of phenol and cresol, the latter, as the weaker 
acid, is first precipitated, and thus can be separated from the 
undetompofed sodium salt of phenol, which is then similarly 
acidified, and tile phenol got out. However obtained, the frac- 

* These are now sold as disinfectants, being dissolved in a soap solution 
for this purpose: trade names such as crcolin and lysol are used for such 
solutions. 
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tion richest in phenol solidifies on cooling to about 10° C. = 50° 
F. The crystals (melting point 42° C. = 108° F., boiling point 
182° C. = 360° F.) are freed from the still liquid portion by treat¬ 
ment in a centrifugal machine, and generally again distilled with 
an addition of 0-2 to 0-3 per cent, of potassium bichromate, and 
a little sulphuric acid ; the object of the addition of tftis oxidising 
agent being to destroy the impurity that hastens the change 
by which even pure phenol becomes red on exposure to air and 
moisture; this discoloration takes place especially easily when 
the acid has been distilled from a metal still, so that the phar¬ 
maceutical product is finally distilled in glass. The commercial 
grades of carbolic acid comprise those containing water—which 
in consequence melt at a lower temperature than the anhydrous 
acid—and mixtures of phenol and cresol. In consequence, the 
term “carbolic acid” is objectionable because necessarily vague. 
The chief uses of all the grades are for disinfecting purposes, the 
production of salicylic acid, colouring matters, and explosives 
('/•*’• )• 

The creosote oils are chiefly valuable on account of the 
naphthalene they contain, and for their use as a preservative for 
timber (see Yol. I.). They consist of a solution of naph¬ 
thalene, anthracene, and similar solid hydrocarbons, in liquid 
hydrocarbons, the composition and nature of which have not yet 
been fully ascertained. 

When the creosote oils, as they come from the tar still, cool, 
much naphthalene is deposited, amounting to about 5 to 10 per 
cent, of the tar, and is separated by draining, and then pressed 
in hot presses like those used for stearic acid (“stearin”) and 
anthracene ( q.v .). It is further purified from acid and basic 
impurities by successive treatment with caustic soda and sul¬ 
phuric acid. In the latter process 5 per cent, of manganese 
dioxide (Weldon mud; see Alkali Manufacture , Yol. II., p. 43) 
is added, in order that the final product may remain white on 
keeping. Some naphthalene is also obtained from the carbolic 
oils, as has been already mentioned. The washed naphthalene 
is either sublimed or distilled, preferably the latter. Iron stills 
heated by direct fire and provided with dephlegmators are used ; 
a safety-valve is provided in case the worm should block, although 
in the best practice the “ worm ” is a straight pipe through the 
centre of which runs a small steam pipe, and round which the 
condensing water circulates. The portion coming over between 
210° and 235° 0. — 410° and 455° F. (indicated by a thermometer 
ii* the vapour) consists of nearly pure naphthalene; the object* 
of the steam pipe in the condensing tube is to keep the naphtha¬ 
lene in the liquid state, and allow it to run into a receiver fitted 
with a partition reaching nearly, but not quite, to the bottom ; 
through this space the naphthalene (specific gravity 1*1517, 
melting point 79° C. = 174° F., boiling point 218° C. = 424° F.) 
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which sinks in the water, passes, and is collected tree from 
water in the other division. The molted naphthalene is cast 
into cakes, candles, or marbles, at cordin" to its intended use. 
The cakes are used in place of camphor as an insecticide. The 
candles and marbles are employed for the “al bo-carbon” light— 
t.c., for enriching coal gas with naphthalene vapour the moment 
before its combustion (seep. 82). Naphthalene is also converted 
into naphthols, nitro-naphthalenes, and naphthylaminos, which 
are used for the production of synthetic colouring matters. 
Nitro-naphthalene is also used for deblooming” mineral oils 
—?.<?., removing their fluorescence—the object being to allow 
of their being used as adulterants without immediate detection. 
By oxidation naphthalene yields phthalic acid, the parent 
material for artificial indigo. 

The creosotes themselves after separation of naphthalene are 
not usually further treated, but go for creosoting timber as already 
described (Vol. I.). A small portion, however, is employed 
for the manufacture of lubricants, and also lor burning in blast 
lamps used for outdoor illumination— e.g., the Lueigen or Wells 
light— for which purpose it is filtered and fetches a higher prices. 

The anthracene oil or green oil is the last fraction of the 
distillate from tar, and comes over between 270'0. - f>l8° F. 
and tin* pitching point. The crude oil lias a greenish colour, 
and partially sets oi: cooling to a buttery juass containing about. .'10 
percent, of solid constituents—one-third of which is anthracene, 
the rest being other solid hydrocarbons—<?.</., phenanthrene and 
chrysene—the remaining liquid consisting of oils of high boiling 
point, of which but little exact knowledge exists. The pure 
anthraceue does not usually amount to more than 07 per cent, 
reckoned on the original tar. Anthracene oil is worked up by 
allowing it to cool for a few days so that crystallisation may be 
as perfect as possible, and the solids are separated by means of 
filtration under pressure through canvas bags, or by a filter press, 
or by a centrifugal machine. A portion of the solids remaining 
in the oil is recovered by redistilling and filtering again. The 
crude anthracene is subjected to hydraulic pressure at a tem¬ 
perature of about 40 J 0. - 104° F. The expressed oils from 
both operations are returned to the creosote oil tank. The 
pressed anthracene contains about 30 to 33 per cent, of actual 
anthracene 1 , and is ground and washed with solvents, generally 
solvent naphtha (us.) or sometimes petroleum spirit (sec Petro¬ 
leum , Vol. II., Chap. V.), the operation being conducted in closed 
vessels provided with stirrers, and the solvent, after having bf*en 
run ptf, recovered by distillation. This raises the percentage of 
anthracene to upwards of 50 per cent. A further purification 
must be effected before the anthracene can be converted into 
anthraquinone (its chief commercial derivative; see Colouring 
Matters, Vol. II., Chap. XIII.), by sublimation in a current of 
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superheated steam, which gives a product containing about CO 
per cent, of anthrac^ie in a state of division sufficiently tine to 
allow of its subsequent oxidation to anthraquinone. The tar 
distiller generally puts 30 per cent, anthracene on the market, 
and it is valued by the “unit"—that is, at so much per cwt. for 
every per cenl. of anthracene present. Pure anthracene is a 
white crystalline substance with a bluish fluorescence; it melts 
at 213° 0. = 415° F., and boils at 351° C. = 652° F. 

Pitch.—The “pitching point” varies from 360° to 400° C. 
— 680° to 752° P., according to the amount of anthracene oil 
distilled off and the quality of the pitch left. As anthracene 
is a valuable product, it is now customary to push the distillation 
so as to obtain as much of this as possible, and consequently 
“ hard pitch ” is produced. When the distillation is not carried 
so far, “soft pitch” results. It is blacker and more lustrous 
than hard pitch, and, containing a large proportion of oil, softens 
at 40° 0. = 104° F., and melts at 60° 0. = 140° F., as against 
80° (’. = 176° F., and 120° C. = 248° F. for hard pitch. Nowadays, 
hard pitch is generally softened by the addition of creosote oil, 
and is substituted for the old “asphalt” which was produced by 
stopping the distillation of tar when only light oil had been 
distilled off. Hard pitch contains, per cent., C, 75; H, 8; O, 16, 
and a trace of ash. It is used for making patent fuel (coal-dust 
briquettes), rough varnishes, and for adulterating natural mineral 
asphalt. It is sometimes distilled for a further portion of an¬ 
thracene which is much contaminated with chrysene. 

Gas Coke.—As already stated, a portion of this is used for 
heating the retorts; the remainder finds application in the 
neighbourhood for such industries as cement making and lime 
burning, and for domestic heating. Good gas coke should not 
contain more than 10 per cent, of ash. 

(B.) CARBONISING IN OVENS FOR COKE PRO¬ 
DUCTION.—In order to overcome objections that, exist, to the 
use of coal in many metallurgical processes (see Iron, Vol. I.), 
coke is prepared, coal being carbonised for this purpose in much 
larger quantities than for gas making; the essential difference in 
the two methods is that in the first the coke is the main product, 
while in the second (gas making) it is the bye-product, (las coke 
cannot be substituted for oven coke on account- of its lighter and 
more porous structure, due in great measure to the rapidity of 
the carbonisation. Caking coals are those best fitted for coking, 
because they leave a compact, coherent coke, but mixtures of 
caking and non-caking coals can also be successfully carbonised. 
As sulphur and ash are objectionable for the metallurgies^ use 
of coke, it is advantageous to use as pure a coal us possible. To 
this end the mineral matter (shale and “brasses”—iron pyrites) 
is removed by “ washing.” Coal-washing machinery, such as the 
Liihrig-Coppee plant, consists essentially of sizing and levigating 



COKING IN BEEHIVE OVENS BY PARTIAL CQMBUSTION. 93 

apparatus like that used for concentrating ores (see Metallurgy , 
Vol. I.), and by its means pure small foal can bo prepared 
which yields good coke, which, notwithstanding that the coal used 
was small, will be in large pieces owing tcf the fusion and agglo¬ 
meration that coking coal undergoes. A typical coke of good 
quality has the composition—0, 93*15 per cent.; H, 0*72 per cent..; 
N, 1*28 per cent.; 0, 0*90 per cent.; ash, 3*1)5 per cent. The 
chief variation in the composition of coke is due to its content 
of ash, which is obviously dependent on that in the coal. For 
the discussion of the influence of the physical properties of coke 
on its suitability for metallurgical use, see Iron , Vol. I. 

(1) Coking in Heaps.—The earliest method of coking, and 
one which is still used to some, extent, consists in carbonising 
coal in meilers or heaps similar to those used for carbonising 
wood in charcoal burning. The process is one of destructive 
distillation, the combustion of a portion of the coal Buflicing to 
distil the rest, and is, therefore, analogous to coking in an oven, 
although there are no confining walls. The, methods most in 
use may he reduced to three types: -(a) The coal is made into 
heaps of 20 feet diameter and 4 feet in height, or into ridges about 
200 feet in length and 12 feet across and al>out 2 feet high, which 
are ignited at numerous points on the outside by driving in 
stakes and inserting live coal in the holes thus formed. On the 
cessation of the evolution of thick smoke and flame at any point, 
the heap at that spot is covered with coal dust and the combus¬ 
tion checked, and this process is pursued until the whole heap is 
carbonised. The main objection to this process is that the outer 
part of the heap is apt to be burnt before the inner is completely 
carbonised. This has given rise to the use of type (/>), which 
consists of a heap covered with small coal and provided with a 
conical brick chimney having numerous apertures. The heap is 
lighted by throwing burning coal down the chimney, and the 
combustion thus extends from the centre towards the circum¬ 
ference, the products of combustion escaping through the chimney, 
which is closed when they cease to be evolved. Type (c) is of 
similar construction, but is not covered, and the chimney is 
closed immediately after ignition, so that the flames proceed 
outwards. A variation of coking in heaps consists of coking in 
kilns, which are large rectangular enclosures of firebrick, with 
openings in the walls for tin? exit of gases. In coking in heaps 
the operation takes from two to three days, while a similar period 
must elapse to allow the coke to cool. 

(2) Coking in Beehive Ovens by Partial Combustion.— 
Thi* method is similar in principle to coking in heaps, in that 
sufficient air i£ admitted into the oven to burn part of the coal 
and produce heat enough to qprbonise the rest. As its name, 
implies, this form of oven (one variety of which is shovfn in 
Fig. 19) consists of a dome-shaped chamber which is about 
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10 feet in diameter and 4 feet to tin, springing of the dome. 
, h<> il( , ,or " f th, “ traversed by a winding flue designed to 

keep the floor cool by the circulation of air through it and thus 
prevent the rapid distillation of the fresh charge and consequent 
formation of bad coke. Similar Hues are sometimes used for the 
walls 1 he charge for each oven is about 3 tons, which is intro¬ 
duced either through a door in the side of the oven or through 
an opening m the top, C. It is held in place by a false door K 
J he door is provided with holes for the admission of air 0' II 
Ihese are gradually closed after about three hours, and after 
some twenty-four hours are completely closed, the oven beiim 
eventually drawn forty-eight hours after charging. The smoke 
is led off by a flue, CTT, common to a group of ovens ; each oven 
is provided with a damper, D. If the oven be made with the 



whole of one side serving as a door, the coke, CK, can be removed 
by an “anchor,'’ which is an iron framework to which a chain 
can be attached, and which is inserted before the charge. In this 
type of oven, as in the heaps, no use is made of any of the pro¬ 
ducts ot distillation, the only valuable material obtained bein" 
coke. ° 

(3) Coking in Ovens by the Combustion of the whole of 
the evolved Gases.—Ovens other than the beehive may be 
looked upon as enlarged gas retorts, which in most caiSes arc set 
horizontally, but sometimes— e.g., in the Appolt—are placed ver- 
ticallv. i he analogy is imperlect,in the present class, as the pro¬ 
ducts ol distillation are allowed to escape.by the pressure of their 
evolution through holes in the walls of the retort, so that they 
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can oe mixed with the air in the surrounding Hues and there 
burnt to supply the heat necessary for distillation. In class (1), 
to be described below, the analogy is stronger, as the gases are 
led away from the coke, and may even no used tor lighting 
purposes. 

This tliiPcl type is best represented in the Coppee and the 
Appolt ovens, which depend upon the same principle ot heating, 
but sire somewhat different in construct ion. The Coppee ovens 
are, about 2 foot wide, 30 to 35 feet. long, and 1 to 5 feet to the 
springing of the roof. They sire slightly tapered in the direction 
of the length for convenience of removing the coke by the thrust 
of an hydraulic ram. They are charged from the top. and hold 
from 3 to G tons. They are built in stacks side by side, one side 
of the oven being perforated, the openings leading into Hues, the 
other side of which is in contact, with the unperforated wall of 
the next oven. There is no recovery of products from this type 
of oven. The other example to be mentioned is the Appolt coke 
oven, in which the retort is vertical, and is about 13 feel, in 
height, and tapering from the top 3 feet 8 inches by 13 inches to 
tin* base which is 4 feet by 18 inches, it is loaded from the top, 
and at. the end of the run the coke withdrawn through a door at 
the bottom. 

(4) Coking in Ovens with Recovery of Products. An 
ideal coke oven would have the whole of the tar and ammonia 
recovered, and be, heated exclusively by its own combustible 
gases. It is found, however, that as the evolution of gas slackens 
towards the end of the operation, the coke is insulliciently heated 
and suffers in quality. It is, therefore, customary to allow either 
access of air to the coke towards the end of carbonisation, or to 
use a supplementary mode of heating by solid fuel or producer 

gas- 

The removal of the tar and ammonia is aided by drawing them 
off by means of an exhauster, such as Beale’s (see* f/os Manu¬ 
facture , Vol. IT., p. 71), or by a steam injector. A well-known 
example of an oven for tin* recovery of bye-products is the Simon 
Carves, which is very similar in construction to the Coppee oven. 
Fig. 20 shows the arrangement of the Simon-Carves oven. 

The oven, A, is fed through the openings, b, b, from tin* trucks, 
B, B, the gases evolved being drawn oil' through the ascension 
pipe, M, into a hydraulic main. A portion of the gas passes 
through the pipe, P, into the Hue, S, where it meets a supply of 
air drawn through the regenerating Hues, d, d, d, the products 
of combustion escaping through the flues, e, to the stack, IT, 
which serves for a number of ovens. The coke is expelled from 
the oven en mtisse by the ram, G, and is quenched as shown 
at K. # 

The tar and ammonia are separated in a manner similaP to 
that in use for the corresponding products obtained in the 




„ Fig. 20.—Simon-Carves oven. 

Oven; b, b, openings for charge; B, B, trucks; M, ascension pipe; P, pipe; i>, flue; d, d, d, regenerating 
flues; e, e, flues; H, stack; G, ram; K, mode ot.quenching the coke 
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tar, but poorer in light oils and phenols than are country tars. 
The admission of air also causes loss of an monia by oxidation, 
and, in short, the improvement of the quality of the coke is 
effected at the expense of the other products. In the Simon- 
Carves plant the yield of coke may be taken at about 77 percent., 
the tar 6T42 gallons, and the amnion Local liquor (0*7° Twaddle) 
277 gallons per ton of coal carbonised, corresponding with 
11 to 14 per cent, of the nitrogen in the coal. The tar is gener¬ 
ally sent to the distiller, but tin? ammonia is worked up on the 
spot, in a manner similar to that used for the ammoniam! liquor 
of gas works. Notwithstanding the many improvements in 
coke ovens fitted for the recovery of the tar :md ammonia, and 
the undoubted value of these products, and in spite of ti e 
greater yield of coke (77 per cent., as against (if) per cent..), many 
ironmasters prefer the coke from the old-fashioned beehive oven. 
The hardness and density of the coke are increased the narrower 
the oven—/.c., the greater the opposition to the expansion of 
the*coal while in the plastic state. 

Carbonising Poat. -Attempts have been made to carbonise 
peat, profitably in order to obtain peat charcoal, acetic, acid, 
ammonia, and paraffin wax and oils. The process has been con¬ 
ducted in retorts of the modern type used for shale distillation 
Recent experiments show a yield from the air-dried peat 
of about 67 per cent .f charcoal containing about 5 per cent, 
of ash,* 11 per cent, of liquor containing nearly (i per cent, of tar 
and a little ammonia and acetic acid, and 22 per cent, of gas 
containing combustible constituents. The difficulty in utilising 
peat in this manner arises from the fact that it occurs in a very 
moist and bulky condition, associated with much earthy mutter, 
its composition being very irregular. Some preliminary process 
of compression and desiccation is necessary before distillation is 
practicable. At the present ju ice of other carbonaceous materials 
(coal and petroleum) the prospect of the remunerative distil¬ 
lation of peat is remote. 

II. DESTRUCTIVE DISTILLATION OF WOOD. 

The essential constituent of wood is ligno-ccllulose, which is a 
carbohydrate of the formula 0 12 H 1 s Oq. With it arc associated 
incrusting substances consisting of resins and tannins peculiar 
to each species of wood. Air-dried wood contains 15 to 25 per 
cent, of water, while the amount of water in growing wood 
varies greatly with the s|>ecies, ranging from 18 to 50 per cent. 
The f\sh or mineral constituents of wood amount to 1 to 1*0 per 
cent. The chief substances present in the ash are potassium and 
sodium carbonates—one or other preponderating, according to the 
species—lime, and magnesia. The composition of the ash varies 

* The average from unselected samples is probably considerably higher. * 
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to some extent with the soil on which the trees are grown. The 
ultimate composition of wood (deducting the ash and moisture.) 
averages—0, f>0T> jjt cent.; il, O'.” per cent.; 0, 42 per cent .; 
N, T'J j>er cent, When wood is heated out of contact, with air, 
it suffers decomposition in accordance with the principles of 
destructive distillation detailed at the beginning of frtiis chapter. 

(A) BURNING IN HEAPS OR “ MEILERS” — This 
process is similar to that already described for coal, being indeed 
its prototype. The whole arrangement is shown in Fig. 21. A 
stake or “quandel” is driven into the ground, and around it 
logs of wood are carefully packed, sometimes horizontally, some¬ 
times vertically disposed. In the latter case, three or four 
slakes are used for the centre to form a sort of rough chimney. 
The diameter of the mound varies from 10 to GO feet. The 
interstices of the logs are filled with small wood, and a covering, 
A, of turf or “ charcoal breeze”— i.r., powdered charcoal from a 
previous operation—is made, and is thickest at the top of the 



mound. The foot of the heap is not covered at the beginning 
of the burning, an annular gap, M, being left, the covering being 
supported by twigs pegged down by forks of wood, the whole 
arrangement being called the “armour.” A channel, left during 
building, from the circumference to the centre of the heap, serves 
for the introduction of live charcoal for igniting the heap. If a 
chimney has been made in the middle, this serves the same pur¬ 
pose. The faggots immediately around the stake have been par¬ 
tially charred in a previous operation, so that the ignition ot the 
heap may he ensured. When the heap is lighted, the holes are 
closed, and “sweating”— i.e., the escape of moisture from the 
annular space at the base—sets in. The supply of air is regu¬ 
lated by partially closing the uncovered space, to aVoid danger 
of explosion of mixtures of air and the inflammable gases that 
are given oil'. When the smoke, which is at first yellow, 
changes to grey, charring proper is known to have set in, and 
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all openings are closed. During carbonisation the cover has to 
' be renewed as it tails in. After some dir s a stake is driven 
through the covering in several places neai tin; ground, to form 
passages for the escape of the tar. More p rforations are made 
in the upper part of the heap as the charring proceeds- the 
judgment (.4 the burner being guided by the appearance of the 
smoke —in order to create an up-draught, and insure t he charring 
of the wood on the outside of the heap. Small piles take six to 
fourteen days to carbonise, large ones one month. Rectangular 
heaps are sometimes used, tin* walls being made of stakes and 
rough boards. 

l'.y conversion into charcoal bv burning in heaps, wood loses 
on tin average some 25 per cent, of its hulk, and 7a to SO p, r 
cent, of its weight. Its apparent specific gravity--*/.#*., including 
pores- varies Irom 0 2 to ()•;», according to the wood from wdiieh 
it is derived. The real specific grav ity is from I to 2*0. 

1 leech wood charcoal produced by this method has the following 
composition:—Water. 7 0 per cent. : carbon, Sli-2 percent.; II, 

2 5 percent. ; () and N, 1\» per cent. ; ash, 5*0 pm* cent. On 
keeping, the moisture may increase to about 12 percent., which 
diminishes the value of the charcoal as a fuel (V r ol. T.). 

In general, the products of the. destructive distillation, other 
than charcoal, escape or are burnt, but by building the meihr 
on a concave brick line.*, a portion of the tar is caught and re¬ 
covered. The difficulty of generally adopting this plan, is that 
the brick floor necessitates that the heap should he kept to one 
place and the wood brought to it. The rectangular heaps are 
better adapted for the recovery of tar, as they are worked from 
one end to the other and the draught carries tin* tar con¬ 
tinuously in the direction of the. length of the heap. Lime 
has been proposed as a covering, for fixing the acetic acid (one 
ot the products), and other coverings sufliciently rigid to admit 
of the introduction of pipes have been tried. The objections to 
both arrangements is that unless the cover he flexible it will 
not fall in as the wood shrinks. 

(11) CHARRING IN KILNS. Tim kilns, which are chiefly 
imed in America, are rectangular brick structures with an arched 
rout, some 10 to 50 feet long and 12 to 18 feet wide, and about 
I - to IS feel to tile, spring of I lie roof, holding 100 to ISO tons, 
or cylindrical structures If8 feet in diaifieter, 12 feet, high, and 
covered with a dome. In either ease vent-holes are left in t int 
walls, and are opened and closed according to the supnlv of air 
repaired. The charring takes 0 to 10 days, ami 4 to 0 ,iavs tiro 
needed for ending. The products are not recovered in these 
kilns; those fori is designed for the recovery of products are of 
beehive shape, and tin: air lias access to the charge through a 
grate. The entry of air is stopped as soon as the walls art- hot 
enough to complete the charring. The kiln is tilled partly 
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through the door and partly through a hole in the top which is 
closed before iguitioli. A pipe in the upper part of the kilns 
leads the products ttrough a condenser. 

1 ? 

o 



< 



(0) CHARRING IN RETORTS. —Many forms of retorts 
are used; they are generally made of boiler plate and set hori- 
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zontally, although cast iron is also used as a material and the 
setting is vertical in many cases. The si/e. vanes considerably, 
but 3 feet diameter by S tout T> not tr usual. The charge 
for a retort, of this size is about (> cwts. The retorts are heated 
}iy the ilan^e of tin* gas rxolved trout the distillation, supplo- 
im*nud by a lit tit* wood or charcoal. 

The general arrangement for the distillation ot wood in 
retorts is shown in Fig. 22, in which A is the retort, set in iho 
furnace, B, in which the tire trout the- grate, C, circulates round 
the retort, the furnace gases finally passing away by the tine, l>. 
The products of <listillation pass through the. condensing pipe, 
K, set in the water jacket, F. The liquid products tlow through 
the small pipe, U, into the trough, II. The uneomleiised gas 
passes through the pipe, K, into the main, L, which is common 
to several retorts, and whence the gas finally passes through 
the pipe, M, into the grate, 0. The door, N, ot the retort is 
removed when the distillat ion is complete, and the contents ot 
the retort are pulled out bodily by a windlass attached to the 
bar and frame, 0. 

Tin* quantity of charcoal obtained by distillation in retorts is 
about 27 pm- cent, of the weight of the wood, but of this some 
5 per certi. is necessary for heating the retort, so that the net 
result is no better than when burning in heaps is used. The 
value of the distillate constitutes the chief advantage of distil¬ 
lation in retorts. 

PRODUCTS.—These are charcoal, tar, crude acetic acid, 
spirit, and gas. 

{(() Charcoal.—The average yield from the wood of two typical 
trees is: + 


j 

( i il'lr 
| lipill’UUH 

: \u-iil 

1 (Wilt .TV 
distillate). 

Ai i t ic a<-id 
:KlaHul) 
hi w ati ry 
di-liltati.’. 

Tar. 

( liaivnal. 

(ills. 

I Oak. . 

) Scotch hr, . 

i 

47-h 

4 .VO 

f) 1 

2'7 

(5-4 

10 0 

24 9 

28 0 

22-1 

27 0 


In each case the watery distillate contains about 1 per cent, of 
wood spirit, reckoned on the wood. 

.With regard to the quality of the charcoal produced by these 
several methods, it depends on (1) the nature of the wood, and 
(2) the temperature of distillation. The hard close-grained 
woe 1 *, Ftuefi as oak and beech, give a hard dense charcoal, while 
woous of lighter and looser texture, particularly woods of 
conifers, give a correspondingly # soft charcoal. The higher the 
temperature of distillation the blacker the charcoal, and "the 
* Fawsitt, Journ. Soc. Cham. Ind ., 1S8;>, p. 319. 
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more nearly it approaches pure carbon (Vol. I.). Charcoal is < 
also made at very Ihw temperatures (360° to 520° 0. — G80° to 
9G8 U F.) for gunpowder making, superheated steam being some¬ 
times used lor charring. The qualities prepared at the lowest 
temperatures are brown in colour, and are known as red char¬ 
coal (charbon row). It is less porous and hygroscopic, and 
more inflammable than black charcoal, and has, when freshly 
made, the average composition, 74 per cent. 0., 24*5 per cent. 0 
and H, and T5 per cent. ash. After a time it will be found to 
have taken up as much as 10 per cent, of water. For further 
information concerning low temperature charcoal see Explosives, 
Vol. II., Chapter XVII. 

Besides its use as a fuel, which has already been dealt with 
in Vol. I., charcoal is applied as a deodoriser on account of its 
property of absorbing, and to some extent oxidising, objection¬ 
able gases. This oxidation is effected by the atmospheric oxygen 
which tin* charcoal has absorbed during cooling and storage. 

1 vol. of charcoal can occlude 9 2b vols. of O, and similarly large 
quantities of other gases. High temperature charcoal takes up 
less gas than a low temperature, product. The application for 
filtering water depends upon the same principles. Being a non¬ 
conductor, charcoal is used as a packing to hinder the, trans¬ 
mission of heat. 

(h) Wood Tar..The yield of tar varies from 7 to 10 per cent. 

of t he wood, rising to I I per cent, in the case of pine wood. 
Wood tar is characterised by the largo proportion of oxygenated 
bodies it contains, 'far condensed from the distillate from wood 
distilled in closed retorts varies according to the nature of the 
wood, that from the conifers being rich in terpenes, due to the 
decomposition of the resinous constituents of the wood; that 
from other woods, such as beech, contains hydrocarbons of the 
paraffin and benzene series, together with various phenols and 
their derivatives. 

Stockholm tar is that which is most commonly used as a pre¬ 
servative for wood, and is produced from coniferous woods by a 
process of distillation in which it is the most valuable product; 
the process consists in filling the wood into large holes, shaped 
like inverted cones, in the ground. The wood is ignited at the 
top, and allowed to burn slowly, access of air being hindered by 
partially covering the pile with earth; the tar collects in a 
trench at the bottom. 

Russian tar is characterised by being specially rich in pym- 
cateehol (see Leather , Vol. II., Chap. XVI.). 

In America, crude wood-tar creosote oil from coniferous*wood 
is substituted for coal-tar creosote in creosoting sleepers and 
piles (Vol. I.;. 

f'urified Wood-tar creosote is obtained by separating the tar 
into two tractions by distillation, and washing the heavier fraction 
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with caustic soda, whereby creosote is dissolved. The alkaline 
solution is boiled in air to oxidise impurities, and precipitated 
with sulphuric acid ; these two processes are repealed, and the 
product distilled ; the fraction from -00' to 2*20° 0. - .‘>’.‘2° to 
•12S° V. constitutes commercial wood-tar creosote, which contains 
50 to (10 ffc*r cent, of guaiacol, U ti H ,(OH) (OOII. .), and creosol, 
(VH :{ ClI ;J (OH)((Kllf : .), together with small quantities of many 
other phenolic derivatives. It is a powerful antiseptic, and 
much used in medicine. 

('■) Wood Spirit.—The distillate from wood consists of a mix¬ 
ture of tar and watery liquid, the latter containing acet ic acid 
and wood naphtha or wood spirit. The tar is separated by sub¬ 
sidence and used for the purposes already mentioned, and the 
waterv liquid is drawn olf from the top, and worked up for acetic 
acid, acetone and methyl alcohol. The method of working up 
varies according to what grade of acetate of lime is to he pre¬ 
pared. If brown acetate of lime (r.i.) be. required, the erudo 
watery distillate (pyroligneous acid) is neutralised at once, with 
lime and distilled in an iron still until the, spirit has eomo owr, 
and the distillate (about -0 per cent, of the whole) is too weak 
in inllammalde constituents to flash when thrown on to glowing 
cinders (a preferable test is the. specific gravity of the liquid). 
The acetate of linn* remains in the retort. I f grey acetate of lime 
be needed, the pyrol-g. eons acid is distilled, to remove tarry 
matter, in copper retorts—iron being attacked by the acid— 
heated by coils conveying superheated steam, and the distillate 
either collected in two fractions, the. lirst being the spirit, and 
the second the acetic acid, or neutralised with lime and redistilled 
until the spirit lias come over. Crude wood spirit is a complex 
liquid containing methyl alcohol, acetone, methyl acetate, aide 
hyde. allyl alcohol, and dimethyl acetal, with small quantities of 
the throe methylamines, ammonium acetate, oils of the aromatic 
series, and tarry matter, ft is distilled with excess of lime, 
which retains water, hydrolyses methyl acetate into methyl 
alcohol and calcium acetate, and to some extent, decomposes the 
amines. Pin* distillate consists of methyl alcohol and acetone, 
together with ammonia and small quantities of amines; for 
the complete retention of these and of the ammonia, subse¬ 
quent distillation over a small quantity of sulphuric acid may 
be adopted. The most important point in the purification is 
the hydrolysis of the methyl acetate, as the presence of this 
body makes it difficult to get the specific gravity of the finished 
product down to the limit set by the Excise (see Jimwim/ 
and iDistifliny, Vol. IT., (-hap. TX.). The oils must be elimin- 
att'u as completely as possible, as they cause the spirit not to be 
“miscible *—?.£., capable of nyxing with water without pro¬ 
ducing a turbidity. This separation is sometimes effected by 
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diluting with water until precipitation of the oils occurs, shaking 
with melted paraffin wax, filtering, and distilling. 

The finished wootfcnaplitha (wood spirit) is nearly colourless; 
its specific gravity isn)-8i>7, corresponding with a strength of 01° 
over proof. It contains 80 per cent, of methyl alcohol, 0 per cent, 
of acetone, and 12 per cent, of water, besides traces of' empyreu- 
matie. products that give it a disagreeable taste and smell, and 
fit it for denaturing alcohol (see Brzwiuij and Distil liny, Yol. 11., 
<’hap. IX.), which is its main use. The rest goes for aniline 
colour making (y.v.), as a solvent in varnish making, and for 
burning in lamps. 

Acetone, (0ll.,). { 00, which is also an article of commerce, can 
bo made by distilling the wood spirit over calcium chloride, 
which retains tin; methyl alcohol, hut it is generally prepared (for 
making chloroform) by the distillation of acetate of lime. Pure 
methyl alcohol, 011,011, may be recovered from its calcium 
chloride compound (OuOI., . 4011 , 011 ) by distillation with water 
and subsequent dehydration with lime. The method generally 
U'f'd, however, consists in passing dry chlorine through boiling 
wood spirit, whereby the acetone is converted into chlorinated 
products of high boiling point, and fractionally distilling the 
methyl alcohol from these. The pure alcohol boils at. GG° to 
t>i ' C. (151° to ir>:5° h\): it.s specific gravity, when anhydrous 
and also when diluted with water, is nearly identical with the 
value for ethyl alcohol of the same strength. 

((/) Acetic Acid and Acetates. —The yield of acetic acid varies 
greatly ; the following are some figures illustrating this:— 


Lime, . 
Aspen, . 

Pine, 

Birch hark, . 


10lU 
S'Ofi 
5 ‘(jo 
• 2-20 


Uliicinl Acetic Acid, 
per cent., reckoned on the wood. 


For further information concerning orotic acid see V'wcrmr, 
Vol. ]]., (’Imp. IX. 

The chief commercial acetates include brown and grey acetate 
of lime, brown sugar of lead, and acetates of iron ( pi/ro/iynit/ of 
iron , iron liquor or black liquor). For the brown acetate of lime 
the crude pyroligneous acid is neutralised with powdered chalk or 
lime, and sometimes distilled to recover the wood spirit (r.s.), and 
sometimes evaporated directly to dryness, preferably by steam 
heat, the salt lished out ns it separates and dried in kilns at a 
temperature of about lift 0 C. = 2fl7* F. Its colour is due to 
tarry matter. It contains 70 to 75 per cent, of real acetate of 
lime, (CoHgOfd.Ca, the balance being water, tarry matter,"and 
excess of lime as carbonate. The grey acetate is similarly pre¬ 
pared from the pyroligneous acid that has been once distilled 
to tree it from tarry matter. Acetate of lime is used for the 
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manufacture of acetic acid (l»y distillation with Milphuric acid), 
and other acetates, and for calico-printing. 

Brown sugar of lead (crude lead acetate)the product, of the 
neutralisation of once-distilled pyroligneoul acid with litharge. 
The mixture is boiled and well stirred, skimmed, and crystallised. 
It is used iti the preparation of alum mordants (see l)>/cih</> Vol. 
II.. Chap. XII U 

Pyrolignite of iron is a solution of crude ferroso-ferric acetate, 
containing a little pyrocaU elnd, which gives it its black colour. 
It is made by dissolving scrap iron at a temperature of (»f>° C. 

I ll) 0 F. in crude pyroligneous acid of speeilic gravity I nj. 
The liquor is evaporated to a specific gravity of MM. when it 
contains about 10 per cent, of iron. It. is used in Dyoouj nwl 
(UOicu-Printhiy, Vol. II., ('hap. XIII. 

(/') Gas.—Crude wood gns contains about f>3 per cent, of CO..; 
when freed from CO., the gas contains CO, 82 per cent.; Oil,, 

II per cent.; C.,11,, 0*7per cent., and the balance nitrogen, 
(las of this composition is of little illuminating value, and only 
servos for heating the retorts. That produced l>y the distillat ion 
of resinous wood—<*.//., pine—may, on t he other hand, he rich in 
llluminants, but is of no value till freed from CO., by lime puri¬ 
fiers (see Cow Vol. ! I., p. 73j. 

The relative quantities of the products of the destructive dis¬ 
tillation of wood at varying temperatures have been determined 
by laboratory experiments made by J bun say and Chorley * on 
wood, on pure jute fibre, and on cotton wool (cellulose). They 
have incidentally noticed that when the wood or jute fibre is 
heated in a flask, surrounded by an air bath, a sudden rise of 
temperature in the interior of the flask to a point some 5o* 0. 
above that of the air bath, takes place at a temperature of about 
300° C. - 572° F. They consider this to he evidence that the 
destructive distillation of wood is accompanied by an exothermic 
reaction. They have observed that at this temperature the pro¬ 
ducts, which are similar in the main to those obtained on (he 
largo scale, are formed in largest quantity. At 500° 0. — DM2' F. 
the percentage of charcoal is considerably lower than at 300'C. -- 
0^0° F., and the percentage of gas a good deal higher. The 
yield of acetic acid is little influenced. Different woods gave a 
fairly constant yield of acetic acid byt no experiments with 
resinous woods were made. 

III. DESTRUCTIVE* DISTILLATION OF SHALE. 

F’vile is*a carbonaceous mineral which appears to have been 
formed fiom tlife remains of marine animals and plants, mixed 
with argillaceous mud, consolidated into a slaty mass. The 
Scottish shales, which may he taken as typical of their mass, 
* Journ Soc. Chem. Jud 1802, pp. MOM and 872. 
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are below the coal measures, and accompany strata of marl, 
limestone and sandstone. The nature of the carbonaceous 
matter in the shalekis unknown, but, inasmuch as none of the 
substances obtained *by the destructive distillation of the shale 
can be directly extracted from it by solvents, it may be certainly 
stated that such substances do not pre-exist in the slfhle. 

The average composition of Broxburn shale is C, *20 per cent.; 
11 ,per cent.; 0, O'f) per cent.; N, 0*7 per cent.; 8, 1 b per cent.; 
asb, 00*8 per cent. The ash consists of silicates approximating in 
composition to a ferruginous impure clay, and is often tolerably 
fusible. The main difference between shale and oannel coal 
consists in the percentage of ash, rich shales approximating to 
cannel in their composition ; this is well illustrated by the New 
South Wales “kerosene shale,” which contains only 8 percent, 
of ash, and a splinter of which will burn like cannel. The 
winning of the shale is conducted similarly to the winning of 
coal; at Broxburn it crops out at the surface, but nowadays 
has to lie mined. The process of distillation differs from those 
previously considered in that it is conducted at a much lower 
temperature, and is, in most cases, aided by the injection of 
superheated steam. It must be noted that the object of this 
distillation is the production of paraffinoid hydrocarbons, for the 
obtainment of which the shale is particularly adapted, doubtless 
both on account of the specific nature of the bituminous matter 
present, and because of its being spread over a larger surface of 
inert matter (the ash) tending to prevent condensation into 
benzene hydrocarbons; should tint temperature be allowed to 
rise, such condensation would tend to occur even as it does in 
the high temperature distillation of oils conducted for the manu¬ 
facture of oil gas (Vol. JI., p. 81). 

The nature of the products may be gathered from the average 
yield at Broxburn : - 


Volatile matters. 

(’rude oil or tar,.1 ‘1 

Ammoniacal liquor,.S 

Cas.4 

Total.—24 

Non-volatile (spent shale). 

Combustible, ..... .0 

Ash, . . •.67 

Total,.— 76 


100 

The apparent discrepancy between these figures* and /hose 
given above for the ultimate composition of the shale is to be 
accounted for by the fact that l-lie injected steam is condensed 
with the ammoniacal liquor, and increases the total amount of 
products obtained. 




SIIALE RETORTS. 




Fig. 23. — Ut'iirl«TMMi -shale* retort. 


A, A, Retorts; B. furnace; C plate; I), products pine; K, firebrick 

arch; r, Hue; (*, Hue gas pipe. 

the two, of which the Henderson retort (Fie 23) may be taken 
as an example, fhe retorts are closed vessels heated by "a separate 
furnace into which the spent shale can be dropped by with¬ 
drawing the bottom plate of the retort when the charge is 
worked out. In the more modern type, sucli as the Young and 





108 


DKSTItUf.TIVI! DISTILLATION. 


hiwHnn^' 8 ’ 1^’ J* ,e , lowPr P art of t * 1 " ''‘tort serves as a com- 
no W?1 1 T, be ^ f ? r r it "’" the matf ' nal in the upper, so that 
andTt! r n ‘ <I ;"^" C V°" C;Ul b<: ,lra "'“ between the retort 
com ’• l/ U 'rTf r "' ta ‘ IS of construction will l, e readily 
COIIJ roll! mlcd from the accompanying figures 

f ;he Henderson plant. Four ejat-iron re¬ 
torts, of which a pair is shown in the figure, A, A, 15 feet foi,<r 



, Upper part (iron); li, lower part (firebrick); C, place where air current 
is injected ; D, flues; E, hopper; K, mains. • 

id of elliptical section (2J feet by 1 foot), with wall* 1} inches 
lick, are set in a firebrick casing over a furnacj, B, divide*! by 
vertical partition. They are charged from the top, and one of 
ie let is discharged into the furfiace every four hours by drawing 
iek tile bottom plate, C. The products of distillation are led 
f at file lower part of the retort by a pipe, D. The retorts are 
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protected from direct contact with the flame by the firebrick 
arch, E, the furnace gases passing up the line, F, and finally 
escaping by the pipe, G, which is at the bottom of the furnace, 
and of small sectional area in order that §the draught inav be 
sufficiently gentle for the combustion of t lie spent shale. The 
lion-condensable gases from the distillation (r.i.) are also turned 
into the furnace through the pipe, IX. Superheated steam is 
admitted to the retorts by the pipe, K, to aid the process of 
distillation. 

Fig. 24 shows the Young and TJeilby retort, which, like the 
Henderson, is se.t. in groups of four, and consists of an upper 
part, A, of east iron, some 9 feet long, circular or elliptical in 
section, placed above a firebrick portion, IX, about 8 feet long, of 
oblong section—1 foot 11 inches by 10 inches at the upper end, 
and 2 feet o inches by 12 inches at its widest point. The ends 
are curved outwards to admit of the discharge of the consumed 
spent shale at the side. The destructive distillation of the shale 
takes place in the upper cast-iron part of the retort, and by the 
time the material readies the* lower firebrick portion it con¬ 
tains nothing but V fixed carbon,” which is there consumed by 
a current of air injected at 0. Steam is also blown in at those 
points to aid in the production of ammonia (v.i.), and, in some 
forms of plant, supplementary external heating is adopted by 
burning producer gas in flues (J)) surrounding the retorts. 

The admission of air without steam into the retort would be 
more effective as far as producing beat for the oil distillation, 
which takes place in the upper part of the retort, is concerned, 
but the use of steam is necessary to favour the production of 
ammonia. A multiple hopper, F, serves for feeding the retorts, 
which are worked continuously; the products of the distillation 
pass through the green shale in the hopper, serving to raise its 
temperature, and into the mains, F. 

The Pnmpherston retort represents an improvement on the 
Y<»ung and JXeilhy. It is chiefly characterised by its large 
size, its length being 30 feet, with a diameter of 3 feet, and 
an internal capacity of 110 cubic feet. Each retort is heated 
independently, and the temperature of the distillation is con¬ 
sequently easily controlled. The gases escaping from the 
condensers (v.i.) supply the whole of^the fuel necessary, the 
quantity of these erases produced being estimated at about 
y.000 cubic feet per ton .of shale. 

It will he rioted that modern practice in shale distillation 
is tending to the use of retorts analogous to the common gas 
producer forked for the production of oil and ammonia as the 
main products, tone!, therefore, driven at as low a temperature 
as possible, so as to confine th$ combustion to its lower j>art, 
and carry on distillation in its upper part. 

The general system of plant for the recovery of the products 
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of distillation of shale resembles that used in the manufacture of 
coal gas, particular care being taken to recover the oil lequivalent 
to gas tar), which is the main product of the process, rather than 
the gas, which is of jubsidiary importance being merely burned 
under the retorts. 

PRODUCTS.—The nature of these has been already indicated 
(/?.*.); the oil being tin? most important may be considered 
first:— 

(a) Crude Oil or Tar.—This is collected from the condensers 
(which are air condensers; sec p. 71), and amounts to some 
30 gallons per ton in the case of the Broxburn shale. It is of 
greenish colour, and semi-solid from the presence of paraffin 
wax. 

Its quality depends on the class of retort used; that from the 
old vertical retorts and the Henderson has a specific gravity of 
0 >S9, and is more tarry—that is, contains a larger proportion of 
overheated and coked products ; this is shown by its leaving fvlO 
per cent, of coke on distillation, which is, however, valuable as 
fating free from ash and sulphur. The tar from the newer forms 
of retort. (Young and Beil by) has a specific gravity of 0*87, and is 
so free from tarry matter that it may be worked as once-run oil 
(?>.?’.). It is separated from aminnniaoal liquor in settling tanks, 
ami is pumped into cast-iron stills holding up to 2,000 gallons, 
and resembling tar stills (p. 86). From these it is distilled as 
far as possible, when it is known as once-run oil; but in modern 
practice the crude tar is distilled continuously in sets of three 
oblong stills with arched roofs and concave bottoms. In the 
first still the distillation is carried to the point when the fraction 
known as “green naphtha” (specific gravity 0*753) has come over, 
the residual oil being passed into the second still where the 
distillation is carried to the point when heavier oils, of specific 
gravity about 0*835, come over ; after this the remaining oil goes 
into the third or coking still where the distillation is carried to 
the coking point, the distillate ranging in specific gravity from 
0 860 to 0 965. By this method the first two stills do not have 
to he stopped for clearing, as all the coke is deposited in still 
Ho. 3, which is used in duplicate so that one may be running 
while the other is being cleared. The fraction from the first 
still (green naphtha, specific gravity 0*753) corresponds with the 
first fraction (naphtha) from the redistillation of the once-run 
oil when the old intermittent process, similar to tar-distilling 
(p. 86), is used. 

This fraction is purified by successive treatment with caustic soda 
and sulphuric acid, and is marketed us solvent naphtha (benzine 
or benzol one), or is used on the works for purifying paraffin wax. 
The description of the further operations applies to the continuous 
process, the older intermittent process being similar in principle. 
The heavier fractions from stills 2 and 3 (green oil) are mixed 
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and redistilled to obtain two fractions, light and heavy oils. The 
light oil is obtained by distilling until a sjirritir gravity of about 
0-850 is attained; this oil yields the illuminating oil, of which 
there are several grades, distinguished by t^ieir specific gravity, 
and for the obtainment, of these the light oil is redistilled. The 
bulk of Scotch illuminating paraffin oil ranges in specific gravity 
from 0*800 to 0*8JO, and is similar to American kerosene as an 
illuminant (q.v.), but lias usually a higher specific gravity and 
flashing point (see Petroleum , Vol. II., ('hap. V.). Chemically, 
the two differ on account of the larger proportion of olefines in 
shale oil, as indeed is indicated by its odour. The heavy oil 
contains the paraflin wax, and is cooled until the “crude scale” 
separates; this is removed by a filter press, and the still liquid 
portion, “ blue oil,” cooled again lbra further yield. Tim blue 
oil is then redistilled, and the fraction treated with caustic soda 
and sulphuric acid to obtain the different grades of lubricating 
oil. ranging in specific gravity from 0*S(if> to O l'OO. The treat¬ 
ment. of the blue oil (this applies also to the lighter illuminating 
oils) consists in agitating it in wrought-iron tanks first with the 
strongest vitriol (the concentrated acid not acting on the iron) 
for a few hours at a temperature, as low as practicable, to avoid 
acting on t he olefines, and allowing it to set t le ; the acid combines 
with basic impurities, and the quantity must be regulated to 
remove these without .stacking tin* olefines, which are more 
easily attacked than are hydrocarbons of the pa ratlin series. 
The settled matter is known as “black tar or “ vitriol tar,”and 
is run off from below and used again, should the system of distil¬ 
lation adopted involve the production of a cruder oil at an earlier 
stage; in the contrary case it is washed with hot water to remove 
the sulphuric acid, and injected, together with steam, into tins 
furnaces, serving as a fuel. Another plan, suggested by Have, 
consists in treating the.tar with iron borings, and obtaining as a 
final product a bituminous substance useful for coating battery 
tanks and for making varnish. The acid washed oil is treated 
with caustic soda (specific gravity 1”;, which removes acid im¬ 
purities. It is black when the treatment has been properlv 
conducted, but otherwise may be a white gelatinous mass (see 
Petroleum , Solidification of, Vol. I., p. 58). As the impurities 
removed by soda art; phenolic bodies, they may he recovered by 
precipitating the soda solution with C(i„ the resulting sodium 
carbonate being causticised and used again. The finished lubri¬ 
cating oils appear to owe their properties to the presence of 
iso-paraffins, the normal compounds being poor lubricants. 

Paraflin Scale or crude paraffin wax is the most valuable 
and onaracteristie constituent of shale oil. The solid portion 
of the heavy oil, separated by filtration, is submitted to one of 
three processes. One of these consists in heating it with vitriol 
•at a temperature not exceeding 60° C. = 140° F., then with 
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caustic soda, and finally thoroughly washing with water, the t 
object of the process being to attack the oily products and 
leave the crystalline wax. Another, which is more often em¬ 
ployed, is that in yliich the scale is crystallised several times 
from shale naphtha (v.s.), the solution being filtered through 
animal charcoal or similar decolorising agent, and tlfc crystalline 
mass pressed to get rid of the last of the solvent. The rationale 
of this process rests on the fact that the paraffins of low melting 
point arc more soluble than those of high melting point. The 
third is a process of liquation, or “sweating,” and is effected by 
casting the crude scale into thin cakes and compressing it be¬ 
tween mats of cocoa-nut fibre in hot presses, the more fusible 
substances being thereby expressed. The chief use of parallin 
wax is in candle manufacture ( 7 .?.’.), but it is also used as a 
waterproofing material for matches, paper, <kc., and as an elec¬ 
trical insulator. When put An the market it should be white 
and well crystallised; its price is greater the higher the melting 
point, which ranges from lb" to GO" 0. ~ 113“ to 140° F. The 
average yield from crude shale oil is as follows:— 


Naphtha, 
Illuminating oils, 
Lubricating oils, 
raratlin wax, . 
Loss, 


f> per cent. 

37 

17 

13 

L'S 


100 


(b) Amraoniacal Liquor.—This mainly differs from gas liquor 
in containing a smaller quantity of sulphur compounds. It 
amounts on the average to Gf> gallons per ton of shale, which 
quantity may he increased to 120 gallons per ton when much 
steam is used in the distillation. The amount of ammonium 
sulphate obtained from the liquor varies with the type of retort 
used, the Henderson yielding from 1G to 20 lbs. per ton of shale, 
and the Young and Beilby twice as much, the quantity being 
further increased by the aimuouia recovered from the producer 
gas used as an auxiliary source of heat. The distribution of 
the nitrogen of the shale is about 20 percent, as ammonia, 50 per 
cent, in the spent shale, and the remainder in the tar and gas. 
In processes like that of Young and Beilby, where the spent 
shale is treated with steam, a portion of the nitrogen is removed 
ami increases the yield of ammonia. The bulk of the ammonia 
in the liquor is as carbonate ; the liquor is distilled in a column 
still (see Jlrewing and Distilling , Vol. II., Chap. IX.), aiyl the 
ammonia passed into sulphuric acid, which nifty be that which 
has been recovered from the ijcid tar. The general process of 
imfliing ammonium sulphate is similar to that adopted for gas 
liquor (p. 84). 





DESTRUCTIVE DISTILLATION OF RONK8. 


113 


(c) Gas.—The gas evolved in distillation contains hydrocarbons 
of the paraffin and olefine series. About 2,000 cubic feet, per (on 
of shale are obtained at Broxburn. By passing the gas through 
scrubbers, kept moist with heavy oil, nearly 3 gallons of gasolene 
(a mixture of light hydrocarbons) can be obtained per ton of 
shale. Tlif gasolene is recovered by beating the oil used to 
collect it, and is employed for earburetting air for illuminating 
purposes. The rest of the gas is used for firing the retorts and 
lighting the works. 


IV. DESTRUCTIVE DISTILLATION OF BONES. 


The main object of bone, distillation is the production of 
animal charcoal (bone black), valuable bye-produets being oils 
and ammonia. It will be seen below that the organic portion 
of the bone is comparatively small in amount, so that the coke 
is rich in mineral matter, containing only about 10 per cent, of 
carbon. Bone appears to be a cartilaginous tissue which lias 
become impregnated with calcium phosphate and carbonate, 
removable by treatment with dilute hydrochloric acid, the 
original skeletal mass of organic matter being left. The com¬ 
position of bone varies with the kind of animal—and its 
condition and age—from which the bone lias been obtained. 
The following is a representative analysis of dry bone:— 


I’l l cent-. 

F.it,. ('» 

>i itrogonous matter (Osseine), 28 

Mineral matter, . . G6 j 

100 


consisting of calcium phosphate, fit? 
per cent.; calcium carbonate, 8 per 
cent. ; magnesium phoshate, 1 per 
cent. ; calcium fluoride, 1 per cent. 


The water varies, abbut 20 to 25 per cent, being an average 
amount. The fat is extracted either by melting it by heating 
with steam, with subsequent addition of cold water (which 
removes 4 to 5 per cent, of fat), or by dissolving it in volatile 
solvents (which extract f» to 8 per cent, of fat), such as light 
petroleum, carbon bisulphide, <tc.; it is used for soap making 
<//•?■.). The fat-free bone is either used as manure (p. 121) or 
boiled for glue, which process converts the osseine into gelatine 
and extracts it, the boiled bones being used as manure. The 
hit-free bones from which the osseine has not been extracted 
are those used for bone-black manufacture, for which purpose 
they are carbonised, according to Continental practice, in 
COVf rtd iron or fireclay pots, the products being allowed to 
escape, partly on account of the difficulty of separating them 
from the furnace gases, and partly because the most volatile 
^constituent (ammonia) is decomposed by the high temperature 

8 
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employed. In this country, the distillation is usually carried 
out in iron or fireclay retorts similar in most respects to coal- ' 
gas retorts, the charge varying from to cwfcs.; the products 
are collected in condensers similar to those used in gas works, 
and may he considered under the following heads :— 

(a) Charcoal.—This contains a very small quantity of carbon 
spread over a large surface of mineral matter. The following 
analysis is due to Ne.wlands Bros. : — 


“Carbon,” . 

Calcium and magnesium phos¬ 
phates, calcium fluoride, Ac., 
Calcium carbonate, 

Calcium sulphate, . 

Ferric oxide, .... 
Silica, ..... 
Alkali salts, .... 


IQ.-j f containing 10 per cent, of 
' \ its weight of nitrogen. 

80-21 
8*30 
017 
0*12 
o :u 
0-35 

100 00 


Moisture originally present, 8-00 per cent. The yield of “char” 
should he about 05 per cent, of the original hones. It is cooled 
in covered vessels, and passed through a magnetic separator, 
which removes metallic iron accidentally present, this being 
objectionable to the sugar refiner. The higher temperature in 
the pot method of carbonisation causes the charcoal to bo of 
better quality than that produced in retorts. Besides its appli¬ 
cation in sugar refining, the charcoal is used for filtering and 
decolorising water, oil, paraffin wax and glycerine. The pigment 
called “ivory black” is generally finely-divided bone black. When 
once exhausted in these various uses, bone black can be revivified 
by burning, and this process can be repeated several times (see 
tiut/ar, Voi. II., Chap. VT1L), but the char eventually becomes 
spent, when it is sold to the manure maker. 

(f>) Oil .—Bone oil (DippeVs oil, animal oil) is derived from 
the osseine and any residual fat there may be in the bono. 
The former is highly nitrogenous, as shown by the following 
figures:— 


c, . 

II, . 




. 50*4 per cent. 




6-5 ,, 

N, . 




. 16*0 

O, . 




. 26-0 

s, . 


' 


0-2 

100-00 


Bone oil is, therefore, richer in nitrogenous derivatives than is 
the tar from coal, wood or shale. It is a dark-brown liquid 
(specific gravity 0*914 to 0-970) of offensive smell, and amounts 
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to 3 to 5 per cent, of tin* hones carbonised ; it contains fatty 
nitriles, pyrrol and its methyl derivatives, hydrocarbons <>i the 
series 0 n lf > n _ 4 , various compound ammonias and pyridine bases. 
It is redistilled, when much ammonia in tin* form of carbonate 
and cyanide comes oil’, together with the oil, and a black resinous 
tar romaim#and is used for making Urn ns wick black. 'I'be oil is 
now used, on tlie (Vintincut, for denaturing spirit, and a small 
quantity is worked up for the pyrrol, (11 ,N li.it contains, which 
is ton verted into tetraiodopyrrol, (■, I 4 N II, emjiloyed as an anti¬ 
septic in place of iodoform. The richness of the oil in pyridine, 
(' 11 N, and similar bodies, to which the vegetable alkaloids arc 
closely allied, opens up the prospect of synthesising these hitter 
from hone oil. Coniine (the alkaloid of hemlock) has been 
already prepared from picoline (methyl pyridine), obtained from 
bone oii. At present, on a<munt of the fictid odour of tlie. oil, 
it is mostly burnt under the retorts. 

(<■) Ammonia.— At one time the distillation of bones was the 
chief source of ammonia, but its importance lias decreased since 
the birth of coal-gas manufacture. The proportion of ammonia, 
reckoned as ammonium sulphate, is about fi to 7 per cent, of t he 
’Aright of the bones distilled. The resulting ammonium sulphate 
is usually highly coloured, from the presence of pyrrol red. 

(«/) Gas. — A good deal of gas of high illuminating power is 
given oil'during distillation, but it contains too much sulphur to 
he readily purified, and is, therefore, burnt at the works either 
for lighting or for heating retorts and boilers. 
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CHAPTER IV. 

ARTIFICIAL MANURE MANUFACTURE. 

A manure is a substance designed to supply one or more .of 
the essential constituents of plant food, and, where necessary, 
to improve the physical condition of tint soil to which it is 
applied. The essential constituents of plant food must contain 
the elements (!, H, O, N, P, S, K, Oa, Mg, Fe, and probably Si, 
('I, and Na. Of these, 0, II, 0, and some of the N are derived 
from air and rain; most of the nitrogen and the remaining 
elements being obtained from the soil. Almost every soil con¬ 
tains enough Ca, Mg, S, Fe, Si, 01, and Na for the growth of 
a full crop, hut N, P, and K are often present in but small 
quantity, and become exhausted by the removal of farm produce. 

A gonoral manure is usually understood to be one which 
can supply these three constituents, hut inasmuch as some 
crops either contain an excess of one or other of these, or are 
bettor able to obtain some one or other of them from the 
soil, than are other crops, it is frequently economical to apply a 
special manure to meet the needs of such crops. For what is 
known as to the requirements of individual crops, a work on 
agricultural chemistry must be consulted. It thus happens that 
special manures are divided into phosphatic, nitrogenous, and 
potash manures. It is necessary, in order for a manure to be 
efficient, that it shall not only contain tho requisite constituent 
or constituents of plant food, but that the nutriment shall he in 
an assimilable form, and it has been ascertained that in whatever 
condition the plant food may he actually absorbed, the absorp¬ 
tion occurs the more rapidly the more soluble the food con¬ 
stituents. 

(A.) PHOSPHATIC MANURES.—The only abundant 
form in which phosphorus is found, is as the various forms 
of ealciuuj phosphate (phosphate of lime), and, to a smaller 
extent, as\ aluminium and iron phosphates. Of these, the cal¬ 
cium phosphates can better supply phosphorus to the plant 
than can iron and aluminium phosphates, probably because 
of the greater ease with which this compound is dissolved 
by feeble acids— e.(j., carbonic acid—and by saline solutions. 
Deposits of calcium phosphate are widely distributed. The 
most definite mineral containing calcium phosphate is apatite, 
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# 30a.«(P0 4 ).,. CaCL or 'U. , ii..(P0 4 ). J . OaF,„ both varieties being 
known. It contains 70 to 80 per cent, of calcium phosphate. 
The less nearly pure apatites, known as phosphorites, are 
obtained chiefly from Fstramadura (cont.d ung 50 to 70 per 
cent, of Cu..(P0 4 )...), and from Canada (containing 70 to 80 
per cent, o? (-a 3 (P0 4 ),). They are associated with quail/, and 
calcium carbonate. Other deposits of calcium phosphate, less 
disfiuetly characterised as minerals, are found in Carolina, the 
Vest Indian Islands, France, (Jermany, and Relgium, and in 
Cambridge and Suffolk. The form known as coprolitos, sup¬ 
posed to lie fossilised animal excreta, occurs iti Kngland and 
France, the Cambridge deposits being the best (55 to tlO p- r 
e<*nt. Ca..(d*(). t The South Carolina phosphate is known as 
“land phosphuto” and “river phospluito,” the latter being 
obtained by dredging. West Indian phosphates, or Caribbean 
phosphates, are not all available for superphosphate mamifue- 
ture (r.?.), as some of them contain much iron and aluminium, 
the variety known as Rcdomla phosphate being mainly alumi¬ 
nium phosphate. Their use is consequently limited, Florida 
phosphates exnt in the form of pebbles, and massive as rock. 
They vary considerably in richness— e.</., (JO to 70 per cent. 
Ca.(P(> 4 )., for pebbles, and 75 to 80 per cent, for rock. 

These phosphates, even when very finely ground, are but 
slowly assimilated by plant', and are, therefore, almost, ex¬ 
clusively used for making superphosphate, the process consist ing 
in treating them with sulphuric acid in order to realise tho 
equation— 

<\i 3 (P0 4 ) 2 + aif 2 so 4 = 2caso 4 -i- raH 4 tro 4 )}., 

SiljM-l jili'i: j.li:itc 

as nearly as is practicable, Call 4 ( P0 4 )., being soluble in water. 
Calcium carbonate, a common impurity in phosphates, consumes 
sulphuric acid in this •treatment. Other objectionable impurities 
in phosphates are the ferric oxide and alumina, because both 
oxides form insoluble phosphates, so that the proportion of 
solublo phosphate in the prepared superphosphate is dimin¬ 
ished by their presence. Various plans have been proposed for 
removing calcium carbonate e.</., treatment with atfc aqueous 
solution of CO, or SO„, in which calcium earbouale insoluble; 
or by causticising the lime by heat, and acting upon it with 
an ammonium salt—tv/., the chloride—-the ammonia being re¬ 
covered. Redonda phosphate (essentially A1P()>) has been 
converted into an available form by treatment with sulphuric 
acid, yielding aluminium sulphate and phosphoric acid, or by 
hea' «ig with sodium chloride and superheated steam, whereby 
a portion of the phosphoric acid is converted into sodium 
phosphate. 

The variation in the composition of commercial phosplfates 
may be gathered from the following analyses (Warray ton ):— 
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Canadian 

(Apatite). 

S. Carolina 
(River Phosphate). 

Coproiite 

(Cambridge). 

Water, 

’ 0 4 

2*3 

40 

(\i( 1’*hh, • 

8fi‘0 

56*3 

58*1 

C,\ and F, . 

3'2 

3*4 


Si(l 2j . 

10 

14 0 

8*2 

CaO, . 

7'6 

10 T. 

11*0 

MkO, . . 


0*6 

1*0 

F« 2 <> 9 + FeO, 


2 2 

2*2 

Al.,0,.. . 


1-3 

20 

SO,, . . 


10 

0*9 

COs, . 

... 

4*G 

6*8 


Small quantities of minor impurities are also generally present. 
“ Superphosphate” is a mixture of calcium sulphate as gypsum 
with the acid phosphate of lime, Call 1’0 4 ) 2 , which is the 
essential manurial constituent. The crude calcium phosphate 
to ho converted into superphosphate should be, as stated above, 
as free as possible from iron and aluminium compounds (not 
more than 3 per cent, of Fe 2 0 3 + A1 2 0 3 ) and from calcium car¬ 
bonate. The material is ground very finely— e.y., to pass a sieve 
having 80 meshes per linear inch—and is charged intermittently 
in 4 to 5 cwt. lots into a mixer consisting of a lead-lined wooden 
tank, provided with an agitator, where it is mixed with chamber 
acid (vitriol of specific gravity 1 *53 to 161, containing 62*53 
to 69*43 per cent. IRBO,), run in as required from an adjacent 
tank. The quantity of acid needed varies with the composi¬ 
tion of the phosphate, 13 to 18 cwts. per ton of phosphate being 
tho usual limits. The mixer is built above a brick chamber 
known as the “pit” or “den,” and into this the semi-fluid mass, 
after it has been agitated for a few minutes, is discharged 
through a shoot. Tim temperature of the mass in the pit 
rapidly rises to 110°0. = 230° R Much gas is evolved ((X) 2 , 
HOI, and HP), and solidification sets in. The gases art* drawn 
off through lines, and pass through a scrubber, necessary on 
account of the objectionable character of TlCl, and still more 
of HR When the pit is nearly full, one of the sides, which is 
of wood and removable, is taken down and the product dug out 
and passed through a disintegrator, whereby it is reduced to 
powder. When mixed manures, such as “grass manures,” are 
being made, potash salts and nitrogenous materials are mixed 
during passage through the disintegrator. The proportion of 
sulphuric acid used in making a superphosphate is generally as 
great as possible without impairing the dryness of the finished 
manure. It is usually more than sufficient for the realisation 
of tho equation given above. It is now supposed that the re¬ 
action which occurs takes place in two stages, the sulphuric acid 
first liberating an equivalent of phosphoric acid, which then 
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reacts with the remaining Ca 3 ( I’0 4 ) 2 . The presence of calcium 
sulphate tends to solidify the mass by combining with 2 mole¬ 
cules of H 2 0 and setting like plaster of Paris. 

The value of a superphosphate depends ojri its content of phos¬ 
phoric acid soluble in water, which is commercially called “soluble 
phosphate*— i.e., the amount of phosphoric acid found, on analysis, 
to be soluble, is calculated back to Ca..(P0 4 ), : . An ordinary super¬ 
phosphate will contain 24 to 30 per cent, of soluble phosphate, 
40 to 45 per cent, of calcium sulphate, and 2 to 3 per cent, of 
insoluble phosphate. Attempts have been made to produce 
superphosphates containing more soluble phosphoric acid than 
the quantity mentioned above, in order to save carriage ; thus 
“ double superphosphate ” is made by extracting an ordinary 
superphosphate with water, removing the calcium sulphate by 
means of a filter press, and evaporating the liquor with untreated 
phosphate of a quality easily attacked by phosphoric acid. Such 
preparations may contain 80 to 90 percent, of solublo phosphate. 

When superphosphate is kept, a portion of the soluble phos¬ 
phate becomes insoluble in water owing, it is supposed, to the 
interaction of calcium superphosphate, 0alI 4 (l ) O.,) 2 , and normal 
calcium phosphate, Oa.fPfthus - 

Call 4 ( 1 * 04)2 l ^ 4Calll , (> 4 . 

A further action, which has been already mentioned, occurs 
between the ferric oxide and alumina contained in crude phos¬ 
phate and a portion of the phosphoric acid, insoluble ferric 
phosphate (Fol*<) 4 ) and aluminium phosphate (Al!*(),) being 
formed. Although such “rovortod phosphate” is insoluble 
in water, it is more soluble in saline solutions—e.//., ammonium 
citrate solution- -than is the natural phosphate, Ca ;{ (land 
is reckoned as possessing a certain mammal value. These points 
have to be taken into consideration in the analytical examination 
of superphosphate. 

Prccipitatod Phosphato.-—When a mineral phosphate will 
not pay lor conversion into superphosphate if may he used for 
the production of prccipitatod phosphate, which consists mainly of 
“dicalcium phosphate,'’ (tallTO,. The preparation is conducted 
by dissolving the phosphate in hydrochloric acid, sullieicnlly 
dilute to leave siliceous matter and much of the oxides of iron 
and aluminium undissolvod. The Solution is neutralised by 
lime or chalk, when the precipitated phosphate is thrown down. 
It has been proposed to utilise alkali waste (calcium sulphide) 
for this precipitation, the. point of neutrality being discernible 
b the formation of FeS; the II 2 S evolved is collected for use 
as a source rf sulphur (see Alkali , Yol. II., p. 33). As 
already stated, this form of calcium phosphate is more valuable, 
than Ca s ( FOJg, and, being precipitated, is very finely divided ; 
it contains up to 40 per cent, of F 2 0 5 , and is much used abroad. 
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Basio Slag.—It haa been found within recent years that the 
phosphatic slag from the basic process of steel-making possesses 
considerable value as a fertiliser. The content of P./b varies from 
10 to 25 per cent., and the average composition of the slag is— 


PtT wilt. Per wut. 


I’A, . . 

175 

ai 2 o 3 , 

' 2 0 

Oil), 

49'6 

• MnO, 

40 

MgO, . . 

4-7 

S, . 

0-5 

1’uO, 

9-8 

80* 

0-2 

I’cjOj, ■ • 

41 

SiU 2 , 

80 


According to Hilgrnstoek, the P 2 O r> exists as a calcium phos¬ 
phate, of the composition indicated by the formula 40aO.P a O 6 . 



A, Drum ; ]», steel balls; C, sieves; D, iron plates. 


This substance is more readily soluble in saline«solutions— e.g., 
ammonium citrate—than is Ca 3 (P0 4 )o, to which the fact that basic 
slag it; more efficient as a manure’than mineral phosphate is, may 
be attributed. The slag is, however, of little value as a manure 
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unless it be very finely "round— e.t/., 80 per cent, of it, should 
pass a sieve having 100 meshes per linear inch. The attainment 
of this condition constitutes the preparation of the slag fur the 
market, and is expensive on account ot the hardness of the 
material, (.'rinding is commonly performed by a ball mill show n 
in Fig. 25, ^diieh consists essentially of a drum, A, tin* inner 
surface of which is polygonal ; tin* drum contains a number of 
balls of cast steel, B, of various sizes. Rotation of the drum 
breaks up the slag by the rolling and percussive action ol the 
halls, and tin* comminuted material is systematically separated by 
sieves, C, in tin; sides of the drum. The sieves which effect the 
final separation are protected from direct, contact '\ith the halls 
by the perforated iron plates shown at. I>. 

Bonos.—These are of manorial value mainly on account of 
their phosphates', but they also contain nitrogenous mutter. 
The average composition of dry bones is— 


Fat, . . . <» 

Nitrogenous mutter, ‘-S 

l I'limMing nf Ca ;i (Po 4 )„ . r )ti jut cent.; 

Mineral matter. . (><> . ' a< 0 ;i , S per relit. ; 1 l H ‘ r 

■ ( rent.; l'aF ; i, I per cent. — till. 

I (JO 

Fresh hones contain about T7 per cent, of nitrogen ; they de¬ 
compose very slowly when used as manure. When the bones 
are previously fermented in heaps, the nitrogenous matter 
becomes more readily assimilable. 

Bono Moal.—Bones are also more available as manure when 
they have been steamed for the removal of fat (see Dexfrtirfim 
distillation, Vol. II., p. 113). Boiled bones which have passed 
through the glue-makers’ hands (see (,'/no, Vol. 11., ('hap. X \ I.) 
contain a smaller proportion of nitrogen (1*4 percent. N) than 
do raw hones. The boiled bones can be more finely divided 
than is represented by the condition of horn* meal; the fine 
product is known as bone flour. 

Dissolved bones is the product of the treatment of bones 
with sulphuric acid. Bono ash is much imported from South 
America, and is used for making high-grade superphosphates, 
which contain about 75 per cent, of soluble phosphate. Com¬ 
parisons made between the four pbosphatic manures which have 
bAn described, show that they are available in the first year 
according to the following ratio— 


Superphosphate,. 

100 


Finely-groupd basic slag, 

(if 


Steamed hone meal, 

10 


Ground eoprolitc, . . . • 

0 

• 


Jl must be remembered that such portion of phosphntic manures 
as is not used in the first year is available subsequently. 
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(R) NITROGENOUS MANURES.—Ammonium Sul- 
phato.—This is obtained as a byi--product in the destructive* 
distillation of coal. Its preparation has been described in the 
section on gas manufacture, p. 85. Pure ammonium sulphate 
contains 21*21 per cent. N, corresponding with 25*75 per cent. 
Nli„, and is a colourless salt. The commercial product varies 
in colour from grey to brown, owing to the presence of tarry 
matter, and is sometimes yellowish from the presence of As.,S ;{ j 
this body is formed by tho action of the II 2 S from the gas liquor 
on the arsenic present in the sulphuric acid in which the am¬ 
monia was absorbed. Commercial ammonium sulphate usually 
contains about 24*5 per cent, of ammonia. It should be free 
from ammonium sulphooyanide, which is a plant poison. This 
impurity is rarely present, save when the ammonium sulphate 
has been made by the direct saturation of gas liquor with sul¬ 
phuric aeid. Soot from pit coal, which contains ammonium 
sulphate from the nitrogen and sulphur of coal, is also used as- 
manure. It contains on an average 4*2 per cent. NH... 

Nitrate.—Sodium nitrate is obtained from the deposits of 
crude nitrate in Chili and Peru. The deposits, which lie about 
0 to 10 foot below the surface, are known as caliche, and form 
a layer 4 to G feet deep. It is associated with clayey substances, 
and is stated to contain the following constituents : — 


Sodium nitrate, 

. . *21*01 percent. 

Sodium chloride, . 

. . 53"-i ,, 

Sodium sulphate, . 

4*74 

Calcium chloride, . 

0-33 

Potassium iodide,* 

0X7 

Aluminium sulphate, 

0x1 

Magnesium sulphate, 

r.-o:; 

Insoluble matter, . 

2*uI ,, 


100*00 


The composition is, however, very various, and the content of 
sodium nitrate may reach 50 per cent. 

The caliche is broken in a stone breaker, and systematically 
lixiviated in tanks heated by closed steam. (Water being a rare 
commodity in nitrate districts, it has to be used for repeated 
extractions.) When the liquid reaches a specific gravity of 1*55, 
it is run into crystallising vats, in which it remains from four to 
six days ; the mother liquor is then run off, and used for the 
obtainment of iodine (sec Vol. II.,'(’hap. XVIII.). The nitrate 
deposited, after having been sun-dried, has the following com¬ 
position (Buchanan ):— , 

* Tho iodine characteristically present in crude njtrate probably ex ids 
ns iodato. As much as 1 per cent, of perchlorate is also found in some 
samples of caliche, and lowers th« valuo of the. latter considerably, since 
even small quantities of perchlorate are injurious to plants, whilst the 
potassium nitrate used in making gunpowder must not contain more than 
0*10 per cent, of potassium perchlorate. 
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9b’”;> per o ut. 

Nal’l. 

()-7a 

NagSO*, .... 

ONO 

Insoluble matter, . 

010 

Water, 

1 N0 
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Organic Nitrogenous Manures.—Dried blood obtained from 
slaughter-houses is a type of these. Jt contains from \) to 12 per 
cent. N. (iround hoofs and horns form another manure of this 
class, as also waste woollen material— e.<j. y shoddy (f> to 8 per 
cent. N) for manuring hops. 

Before nitrogen in ammonium sulphate or organic substances 
can he taken up by a plant, it must he converted into a nitrate. 
The nitrogen in organic substances is chiefly in an albuminoid 
form. The first decomposition which such substances undergo 
results in the production of ammonia. The oxidation necessary 
for the conversion of ammonia into nitric acid is dependent upon 
the presence of a so-called “nitrifying” organism, which is a 
bacillus to which the. name nilromonas has been provisionally 
assigned. The organism requires the usual mineral constituents 
— phosphates—for its growth, .and free access of air, on 

which account it is not active in the ground at a greater depth 
than 0 feet. The formation of nitrates appears to he always duo 
to the* action of the same organism; nitrites, on the other hand, 
arc produced by several different species, which vary with the 
locality. In order that all the ammonia may be* converted into 
nitric acid, a fixed base must be present, otherwise ammonium 
nitrate is the final product. The temperatures between which 
the organisms can act are 3° and f>5° 0. -- 37° and l'U° F., 37" 0. 
r-s !>D° F. being that at. which they are, most active. bark ness 
is favourable to their development. 'J in*, process of nitrification 
is but one phase of the general oxidising action which is asso¬ 
ciated with the glowth of these bacilli. Thus they are capable 
of converting iodides into iodates. “ benitrifying” organisms 
appear also to exist in the soil, capable of reducing nitrate even 
to free niltogen. Those become active when the god is water- 
lodg' d, and are inimical to plant life. 

The process of nitrification is so rapid that ammonium sulphate 
is scarcely Ic'-s readily assimilated than i*s sodium nitrate. There 
is, however, a certain amount >>{ difference in the quality of 
certain crops when manured with nitrate and ammonium sul¬ 
phate respectively, which will he found set forth in books on 
the object* Another difference in their action is on the soil 
itself: before ill#' nitrification of ammonium sulphate can be 
completed, the sulphuric acid must he removed by a bast— 
e.f/., lime—in the soil, and a further quantity of bast* will* be 
•required by the nitric acid when formed. 

The comparative slowness with which nitrogenous organic 
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manures are taken up, is due to the necessity for their previous 
conversion into ammonia during the process of decomposition. 
An advantageous effect of nitrate is its stimulating action upon 
growth, enabling plants to resist conditions unfavourable to the 
healthy attainment of maturity. It has become questionable 
whether crops cannot obtain the nitrogen which tfhey require 
from the free nitrogen of the air. This certainly occurs with 
leguminous plants, upon the roots of which nodules containing 
micro-organisms arc developed, which appear to be capable of 
converting nitrogen from the air in the pores of the soil into an 
assimilable form. 

The nitrogen in ammonium sulphate, and that in nitrate, has 
about the same commercial value, which is not much higher than 
that for the most easily decomposable organic nitrogenous sub¬ 
stances. The nitrogen in bones is of considerably lower value. 

(0.) POTASH MANURES.—Potash, a necessary constituent 
of plant food, is supplied as one or other of the products obtained 
in the Stassfurt industry (see Potash, Vol. I]., Chap. XVI11.). 
The chief salts used are kainit (K 2 S0 4 . J\1gS0 4 . MgCl 2 . GILO), 
which contains some 70 per cent, of the pure mineral, corre¬ 
sponding with 13 to 14 per cent. K.,0; the double sulphate of 
potassium and magnesium (27 to 28 per cent. K.,0) obtained 
from kainit; carmillite (KC1. Mg01 2 . 0H 2 O, with about 11 per 
cent. K.,0 in the crude mineral); and crude potassium chloride 
of strength corresponding with about 50 per cent. K.,0. Mag¬ 
nesium salts and chlorides detract to some extent from the 
manurial value of these substances. Where timber is abundant, 
wood ashes are used containing 5 to 10 per cent. K.,0. 

(D.) GENERAL MANURES arc valued for their content 
of nitrogen, potash, and phosphates. 

Farm-yard manure, the excrement of cattle, mixed with 
straw, may he regarded as the natural general manure, for it 
serves to return to the soil much of tho plant food removed by 
the crop on which the cattle are fed. Since immature animals 
utilise more of the ash constituents of fodder than do full-grown 
animals, the composition of the manure depends upon the age of 
the stock ; it also varies with the character of the food. Farm¬ 
yard manure is generally heaped, when it undergoes fermenta¬ 
tion and much carbonaceous matter is dissipated as CO.,, OH,, 
&c., and on that account the manure becomes concentrated to 
some extent. 

Rotten farm-yard manure will contain 65 to 80 per cent. ir"b 
and 2'5 to o per cent, of true ash— i.e., exclusive of earth and 
sand. It contains from 0'4 to 0-65 per cent. N, 0‘4 to Q-7 per 
cent. K 2 0, and 0*2 to 0’4 per cent. P„O v The* nutritive consti¬ 
tuents of the animal excrement.and that in the litter (straw) are 
botfi included in the above figures. The nitrogen of the urine 
being in tho form of urea, uric acid, <fcc., is more readily available* 
than that in the solid excreta. 
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Sewage and Products therefrom.—Tho application of 
*human excrement as a manure is largely practised, particularly 
where it is customary to keep the excrement concentrated or 
merely diluted with an absorbent and deodorant— e.g. t earth or 
peat. Where the system of water-carriage is in use, the extreme 
dilution of %he excrement renders it possible only to apply the 
sewage by the process of irrigation. The composition of human 
excrement is not essentially different from that of farm-yard 
manure; its amount may be gathered from the following table, 
which gives the average* quantities per head per year :— 


j I)ums. 

Urine. 

Total quantity, . 

hi; ii>s. 

1,()(*:{ lbs. ' 

I>rv null ter, 


soi .. 

Nitrogen, . 

IJ .. 

!*'. „ 

iy>'„ 

Ij „ 

a .. 

k 2 o. 

i m 

u .. 


The total value of these constituents is about Ss. (id. per head 
per year. 

The utilisation of sewage by irrigation requires that a large 
expanse of light absorbent-soil shall be available for the recep¬ 
tion of the sewage, its oxidation and its assimilation by plants. 
Although precipitation of sewage (by means of lime and other 
substances) is practised, the large quantity of precipitant neces¬ 
sary renders the resulting sludge valueless as manure. 

When excrement is collected by the “pail system,” without 
dilution, it. can be treated with sulphuric acid, dried and 
disintegrated for use as manure, the product being known as 
poudrotte. 

Guano.—This is the excrement of sea birds in a more or less 
altered condition. A distinction is drawn between nitrogenous 
and phosphatic guanos ; the former are either of recent origin, 
or have not been subjected to weathering, which is the case in 
such dry climates as that of Peru ; the latter (found in Austral¬ 
asia) have been so washed by rain as to contain little or no 
nitrogen. The maim rial composition of the two classes is shown 
below:— ' 



NilrOftenouR. 
Per cent. 

Phosphatic. 
Per cent. 

N. . * . 



7-5 

0-4 

r s o s . • • 



14‘o 

35 6 

K.,0. . 

• 


3-4 

02 

_1 
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Dry Peruvian guano contains its nitrogen in the form of uric 
acid and urates ; when these have undergone partial decora* * 
position, the guano becomes dump and contains ammonium 
carbonate, to fix which a “dissolved” guano is made hv treat¬ 
ment with sulphuric acid, the ammonia being converted into 
ammonium sulphate, and the calcium phosphate rendered 
soluble. An “equalised ” guano is a Peruvian guano in which 
the percentage of ammonia has been brought up by suitable 
admixture. 

The pressed cake made in crushing rape seed for oil (rape- 
coke), being of little value for cattle food, is sometimes used for 
a general manure. Other similar cakes are also employed. The 
nitrogen varies from 4 to 7 per cent.; P„0 6 , 1 '5 to 3-0 per cent.; 
K,,0, 1 to 2 per cent. 

In the United States menhaden are largely used as manure, 
the oil (Vol. II., Ohap, X.) being first extracted from the fish. 
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Oil AITKH V. 

PETROLEUM. 


Petkolkum,^ or mineral or rock oil, or “ naphtha," is essentially 
a. mixture ol hydroearhons of tlio |,.irulliii ami nleline scrips, the 
one or the oilier predominating according lo the .source of the 

oil. I he range of hoinohigues* is exceedingly wide, ..prisitc- 

civn gases such as (Ill, ami ethylene, (!.Hami solid hydro- 
carbons such as those constituting paraffin wax— for example 
tnacoiitnne. C-sJH c .„ ami inebm, C. H ’ 

(A.) ORIGIN AND DISTRIBUTION.—Petroleum occurs 
ill Strata which consist, largely of loose-textured conglomerates 
and sandst ones (oil sands), its mode of distribution being similar 
to l hat of water in porous strata, in places it exudes at the sur- 
iaee of the earth, terming natural oil springs, hut it. is obtained 
in quantity by boring wells which tap the strata. Prequent.lv 

t ie oil ts under such pressure .. the gas associated with it 

tha , when the superincumhent, strata have been pierced, the oil 
gushes out m a fountain with great violence, fountains of this 
character have occurred naturally for all historical time The 
nature of the origin of petroleum is unknown. Various theories 
have been .advanced. The most noteworthy of those are (1) 
l hat it is derived from the action of water on strongly heated 
mm carl,Hie contained in the interior of the earth, such water 
having penetrated through crevices formed during volcanic erup¬ 
tions. 1 he chief support for this view is obtained from the fact 
that petroleum gem-rally occurs at the foot of mountain chains 
J his theory was propounded by jMcndclccff after a personal study 
o the Caucasian oil-bearing district. (2) That it is a product of 
the decomposition of animal remains at a high temperature and 
pressure, bugler is responsible for this view, which is supported 
hy direct experiment on the distillation of animal fats under 
pressure. The small quantify of nitrogen found in petroleum 
militates against the credibility of this explanation, but it is 
pqfsiblo that the nitrogen may have been removed by a natural 
distillation of the oil (the nitrogen remaining with the residue) 
Irom Rs ordinal source to the position in which it is found. 

It may be noted that, in chemical classification, those compounds which 

sene? S % , v m0k ‘ CU arW< '' Kht , ’V'® " ,! ' lition ° f CH 2 form an homologous 
senes. I his increase in molecular weight is accompanied by an uiipn.xi- 

•boSTOint^h tl t Tb t, ° 1 ’ 1,1 pl \ J , siual properties—e.jt, melting point Hud 
•Doiimg point, both these nse as the series ascends. 
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(3) That it has been formed by the decomposition of the remains 
of marine animals in contact witii saline deposits, and the sub-' 
sequent resolution of the adipocere (the more permanent fatty 
constituents) into hydrocarbons and free CO r The fact tlmt 
suit invariably accompanies petroleum lends credence to this 
hypothesis, which is due to Zaloziecki. i 

Petroleum is very widely distributed, but the bulk of that 
used comes from the United States (Ohio, Pennsylvania, 
Texas, New York, and California) or Baku. Other sources of 
minor importance are the deposits in Galicia, Koumania, 
Canada, British India, and Peru. 

(II.) THE WINNING OF PETROLEUM.—The copious 
outbursts of petroleum that characterised the earlier stages of 
the. industry (which in its present si/e ami manner of working 
is comparatively recent, dating from about 1HG0) are now 
relatively rare, and the oil is won by sinking boro-holes 
(about 6 inches in diameter), which are often of great depth - 
e.j., as much as 2,400 feet and upwards. The method of sinking 
consists essentially in drilling a bore-hole to a depth ot 200 to 
300 feet by the use of a “drive-pipe,” which is a steel tube with 
a cutting edge driven vertically downwards by a “maul.” When 
the top part, of the well is thus made and lined, the drilling 
proper begins. This consists in pounding the rock with a bit 
fixed at the end of a string of rods slung to a cable attached to a 
derrick—in order to allow of the string of tools being drawn up 
and suspended on occasion—and actuated by a beam-engine by 
which a reciprocating vertical motion is given. When a suffi¬ 
cient amount of the rock has been thus disintegrated, the tools are 
hung up by the derrick, and thq detritus, which is suspended in 
the water that has trickled in, is removed by running down an 
iron tube fitted with a plunger and a valve, the apparatus being 
termed a sand pump. Th'e well is lined with iron tubing as far 
as possible, the main object being to keep out the water that 
would otherwise find its way in. In the case ot wells that do not 
flow spontaneously, an oil pump (which is simply a force pump 
driven from above) is let down and the' oil thus brought to the 
surface. The oil is frequently accompanied by natural gas at a 
pressure of 400 to 500 lbs. per square inch, the gas consists chiefly 
of methane and hydrogen. The following may be taken as the 
average composition of the gas from the Pittsburg district 


Methane, 

. per cent. 

Hydrogen, 

’ . 220 ,, 

Ethane, 

f>0 

Nitrogen, 

. 3*o ,, j 

Ethylene, 

1*0 

Oxygen, 

OS 1 .. 

Carbon monoxide, 

00 „ 

Carbon dioxide, . 

. 0*6 ,, 


100*0 
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Some wells yield oil containing a little gas in solution, others 
oil accompanied by much gas, and a third class gas exclusively. 
The gas is largely used as a fuel and for lighting in the districts 
where it is obtained, and, by imperfect combustion, for t.lio pro¬ 
duction of a black pigment, “diamond black,” or “carbon 
black” (q.v). 

(C.) TRANSMISSION. —On account of the wells of any 
one oil-bearing district being scattered, it is found economical 
to collect the oil to central storage tanks and thence to the 
refineries on the sea coast by means of long pipe-lines, a pressure 
of about 1,200 lbs. per square inch being used in this transmis¬ 
sion. The trunk lines of pipes are 0 inches in diameter, and 
deliver the oil through branches to the refineries on their course. 
The pipes arc kept clean by an iron scraper forced along by the 
flow of the oil. 

(D.) REFINING-.—The refining consists essentially in frac¬ 
tional distillation and treatment of the distillates with sulphuric 
acid and caustic soda to removo impurities. The method adopted 
depends to some extent on the percentage of the more volatile 
portions, and whether it be desired to produce the maximum 
yield of illuminants. The difference between tho yield of the 
various fractions of Russian and American petroleum is shown 
by the following figures :— 



Russian. 

Petroleum spirit, . 

4 

Illuminating oil, . 

30 

Lubricating oils, . 

32 

Residue and loss, 

25 


100 


In America the distillation is not continuous, and is carried 
out in a crude oil still and a tar still, the oil being distilled in 
tbellrst until the petroleum spirit and burning oils have coine 
over, when the residue is transferred to the tar still, the distil¬ 
late from which furnishes paraffin wax and lubricating oil. The 
crude oil stills are either horizontal steel cylinders 30 feet by 12 
^feet 6 inches in diameter, or of the “cheese box ” pattern 9 feet 
in height and 30 feet in diameter, with a dome-shaped top. 
Both stills are fired direct, and steam is blown in to aid distil¬ 
lation. When the maximum quantity of illuminants is required, 
th»- upper p?\rt of the still is exposed to the air, in order that the 
heavier portions <tf the oil may condense and drop back into t^ie 
hotter part of the still and thus fcfe “cracked”— ie., decomposed 
into lighter hydrocarbons. When, on the other hand, lubricating 

9 
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oils are required, this cracking is avoided, and the lighter por 
tions are distilled over first to obtain a residue of “ reduced oil ” 
used for lubrication. In this case a vacuum is maintained in the 
still, and the use of superheated steam is substituted for direct 
firing. The tar still is a cylindrical vessel about 20 feet in 
length and 8 feet in diameter, and is heated finally to redness to 
get the full yield of oil. With both the crude oil and tar stills 
the condensers are essentially worms immersed in tanks through 
which cold water is circulated in the case of the former, and hot 
water in that of the latter, the hot water being necessary to 
prevent stoppages from the setting of the paraffin wax. In the 
distillation from the crude oil still, two main distillates are pro¬ 
duced—(1) the “benzine* distillate,” and (2) the “illuminating 
oil.” The former is redistilled by steam heat, and the following 
fractions may be prepared from it:— 

(1) Cymogene, which is essentially the gas butane, C 4 1I, 0 . 
This fraction is either burnt under the stills, or condensed by 
cold and pressure to a liquid boiling at 0°C. = 32° F., and 
having a specific gravity of 0*59. It is used in ice-making 
machines. 

(2) Rhigolene.—This is also gaseous when first distilled, and 
consists mainly of pentane and iso-pentane, 0 6 H 12 . It is con¬ 
densed by cold to a liquid which boils at 18° C. = 64-° F., and 
lias the specific gravity 0*625. It is used as an anaesthetic, for 
driving gas cngihes, and for the pentane standard lamp (see 
Valuat ion of coal gas , Vol. II., p. 76). 

(3) Petroleum other or gasolene containing hexane and 
iso-hexane, C (5 II 14 , and boiling about 60° C. = 1 -10° F.; its 
specific gravity is about 0*66. This is employed as a solvent 
for caoutchouc and oils, and is used for carburetting gas and 
preparing “air gas”—t.e., air laden with a combustible vapour. 

(4) Naphtha or ligroin, consisting of the next few homo- 
logues of the paraffin series, boiling point 80° to 110° 0. — 176* 
to 230° F., specific gravity about 0 700, used for burning and as 
a solvent for oils and resins. 

(5) Benzine, a slightly heavier fraction, boiling up to 150° C. 
= 302° F., specific gravity 0 740, and used as a turpentine sub¬ 
stitute. The petrol used for motor-car engines is a similar 
fraction, of specific gravity 0 68 to 0*72. 

With respect to the fractional separation of these products, 
the same remarks that were made with regard to the fractiona¬ 
tion of the distillate from coal tar (see Vol. II., p. 86) apply. The 
last and largest fraction, amounting to 40 per cent, of the whole, 
is sometimes deodorised by treatment with 0*5 per cent, of strong 
sulphuric acid in a vessel provided with a paddle agitator. 

The illuminating oil distillate, coming over between 150° and 

# This trade name must not be confounded with “ benzene,” which is the 
•ystematic name of the hydrocarbon, C„H 6 , obtained from coal tar. 
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300° C. - 302° and 372° F., is submitted to treatment with sul- 
phurio*acid (about 2 per cent.), with which it is agitated by 
a stream of air for as long as the temperature rises. After 
settling, the acid liquor is drawn oil', and a water spray is made 
to percolate through the oil until the issuing water is no longer 
acid. The oil is then agitated with 1 per cent, of caustic soda 
solution, specific gravity 1*03, and, preferably, finally washed 
with water. The use of the sulphuric acid is to remove the 
bulk of the olefines as sulphonic acids, while the caustic soda 
is employed to remove such of these acids as are dissolved in 
the oil. The sulphuric acid used is either recovered or used 
for the manufacture of superphosphate, <tc. It has also been 
suggested to mix the crude illuminating oil with about 01 per 
cent, of spirits of turpentine and blow air through the mixture. 
The turpentine acts as a carrier of oxygen, the unsaturated 
compounds being oxidised to resinous bodies, which are removed 
bv subsequent treatment with H..SO, and caustic soda. 

Many Ohio oils require a special purification, as they contain 
up to (Hi per cent, of sulphur, probably in the form of sulphides 
of radicals belonging to the paraffiu series. This sulphur is 
removed by treatment with finely-divided copper oxide, either 
by subjecting the crude oil to distillation and passing the vapour 
through a vessel containing copper oxide, or, morn generally, by 
first fractionating the crude oil as usual; the light and heavy 
<*ils are then separately re-distilled from stills provided with a 
stirring apparatus, by means of which they are agitated with 
copper oxide during the distillation. A large excess of copper 
oxide is necessary to free the oils entirely from sulphur. The 
copper sulphide formed is freed from the tarry residue left in 
the still by draining and squeezing, the mass obtained being 
then heated in an inclined cylindrical furnace provided with a 
fireplace at the lower end. After combustion is once started, 
tin* oxidation of the sulphur provides sufficient heat for the 
conversion of the whole into finely-divided copper oxide, which 
is used over again. 

The refined oil is known as kerosene, and is valued by its 
colour and flashing point. The former varies from pale yellow, 
“standard white,” to colourless, “water white,” and the latter 
from 73° to 120° F. = 24° to 40° 0. In this country the flashing 
point is determined by the “close test” made in the Abel 
• apparatus. By “close test” is meant the method of ascertaining 
the temperature at which the oil evolves sufficient vapour to 
yield an explosive mixture with air in a closed vessel of 
s* ndard dimensions. 

ThG Abel apparatus consists of a water bath, in which is an 
“oil cup” (containing a fixed quantity of the oil to be tested), 
and provided with a cover having a slide in the lid so arranged 
that it can be opened at intervals and a small flame introduced 
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into the vessel. The oil in the vessel is heated bv the water 
bath and its temperature is ascertained by a thermometer. The 
legal minimum for the Hashing point of kerosene is 73° F. = 23° 
C., corresponding with 100" F. = ,28° 0. hy the obsolete “open 
test,' which was conducted in an uncovered vessel. Scotch 
burning oils of good class rarely flash below 100° FVclose test) 
a much preferable limit. ' 

The working up of the residue of the crude oil distillation in 
the till- still, produces a first runnings (20 to 25 per cent, of the 
contents of the still), which is turned back to the crude oil tank, 
or is treated and purified as a heavier grade of burning oil. The 
remaining distillate constitutes the paraffin oil; thisls agitated 
with vitriol (!) per cent.) in agitators kept hot by steam jackets 
then with water and caustic soda, and chilled by a freezing 
machine, when it becomes semi-solid from the separation of 
paraflin wax, and is pressed between sacking, the oil which 
drams away being used for lubrication. The wax is again 
pressed at a higher temperature to refine it (see Shale oil, Vol. 
II-, p. 111). The bulk of lubricating oils is, however, obtained 
from “reduced oil” (?>.».). “ Vaselene'’ is a product from such oils 
prepared by the separation of paraflin wax and filtration through 
animal charcoal; the first runnings from the filter are colourless 
andsemi-solid when cold. It melts at 10” to 50" C. = 101° to 
122 1'., according t.o its grade. Spurious vaselene is made in 
Germany by dissolving paraflin wax in heavy hydrocarbon oil. 

Lubricating oils from petroleum are characterised by their 
fluorescence or “bloom.” They are generally deodorised an 1 
decolorised by filtration through animal charcoal, and are often 
“ de-bloomed by tho addition of various substances— e.y., tur¬ 
meric, nitronaphthalene, and picric acid. This treatment is only 
adopted when it is designed to substitute mineral for fatty lubri¬ 
cants without risking detection at sight. After the lubricating 
oils have distilled over, a semi-solid distillate is collected, tecli’ 
ninilly known as “yellow wax;” it contains anthracene and 
similar hydrocarbons; when added to the lubricating oil it in¬ 
creases its density and raises the apparent yield of paraffin wax 
The coke left in tho still is about 12 per cent, of the charge. 

The refining of petroleum in Russia, at Baku, is conducted in 
horizontal cylindrical stills, and tho process is often continuous 
ill which case the stills are connected by pipes in groups of four¬ 
teen or more, and are heated to the temperature at which the 
product proper to each still comes over. By this plan a constant 
flow of petroleum (which is previously heated in a separate vessel 
by contact with the residues from tile stills, produced bv a pre¬ 
vious operation) can be maintained, and the whole of {he'portion 
of the oil fit for burning is obtained from one or other of the 
stilts, the last and most highly heated being no hotter (300° C. 

>= 572°F.) than is consonant with the production of burning 
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oil. In Ragosin’s method the crude oil is distilled in a current 
of benzine vapour (B.l\ 80° to 160° C. - 170° to 320° F.), the 
process being often made continuous, and carried out in a 
number of stills connected with each other (?\*.). The vapours 
from the last stills are often cracked by leading them through 
a heated cylinder before condensing. All the fractions obtained 
require subsequent rectification. The refining of the burning 
oil resembles the method used in America ( v.s .). Heavier 
grades oi burning oil than those made from American 
petroleum are prepared at Baku —<•.</., solar oil ami astra- 
lene, specific gravity 0-850 to 0-880; flashing point, ast ralene 
50° 0. = 122° F., solar oil 80° C. = 176 F.- - hut their use is 
mainly confined to Russia, where they are given fiscal advan¬ 
tages. The residual oil from these stills (astatki) (specific 
gravity, 0-900 to 0-910) is mostly used as fuel for the. stills 
themselves, for steam-raising mi the works, for locomotives and 
marine engines on the loeal railways, rivers and seas, and for 
metallurgical operations. The principle of the method of burning 
:onsists in spraying the oil, by means of a jet of steam, into t he 
furnace, the parts immediately in contact with the flame being 
pi elected with firebrick to preserve them from local overheating. 
Petroleum residues have about one and a-half times tin* heating 
power of an equal weight, of coal, but the cost of carriage, pre¬ 
vents it in competing wit.li coal in this country except for special 
purposes (see Vol. I.). 

A considerable quantity of the residue after the separation of 
the kerosene is, however, further distilled for lubricating oils, 
in smaller stills—sometimes worked by the continuous method 
already described, with the aid of superheated steam—until the 
distillate has the specific gravity of about 0-920. The distillate 
is then fractionated, and the first and second fractions (specific 
gravity 0 865 and 0*8-75), which are too light for lubricants, are 
sold for gas making, etc., and the remaining oil is collected in throe 
fractions, forming three grades of lubricating oil, known respec¬ 
tively as spindle oil (specific gravity 0*885 to 0*895), machinery oil 
(specific gravity 0 895 to 0 910), and cylinden- oil (specific gravity 
over 0 - 910). Other, intermediate grades are prepared, which 
differ according to the design of the maker. These oils are 
purified by acid and alkali in a marine!* similar to that used for 
kerosene. A kind of vaselene is made from the residue in thp 
still by returning one-third* of its weight of the first fraction 
(specific gravity 0*865;, and continuing to distil with superheated 
steam. 

Russian petroleum, as opj>osed to American, is generally very 
poor m paraffin wax (0*25 per cent.), and this substance is not 
worked up. The absence of paraffin wax makes Russian lutri- 
cating oils better than American of the same grade, as they have 
less tendency to solidify on cooling. 
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By destructive distillation, astatki yields 30 to 40 per cent, 
of tar, containing 15 to 17 per cent, of 50 per cent, benzol. On 
destructively distilling the residual tar after the benzol is 
removed, 70 per cent, of a second tar is obtained, containing 
7 to 10 per cent, of 50 per cent, benzol, 16 per c§nt. of naph¬ 
thalene, 2 to 3 per cent, of 30 per cent, anthracene, and 24 per 
cent, of pitch. There is also a good deal of gas of high illumin¬ 
ating power (five times that of coal gas). 

In instituting a chemical as distinct from a technical com¬ 
parison of petroleum from Russian and American sources, a 
large difference is at once visible. Thus, American crude oil 
consists almost wholly of paraffins of the general formula 
C M H an + 2 , whereas Russian oil is composed of olefines (C„H 2ll ) 
and naphthenes (0„H 2n _ O H 0 ). The paraffins are more stable than 
the unsaturatcd hydrocarbons characteristic of Russian petro¬ 
leum, and are less liable to be attacked in the process of refining. 
The olefines readily form addition products, and are easily 
sulphonated, but the naphthenes, being addition products of 
ring hydrocarbons, containing as many hydrogen atoms as can 
be combined with the nucleal ring, are unable to form addition 
products provided the ring structure remain undisturbed. 
Under suitable conditions, however, the naphthenes of Russian 
petroleum can be oxidised— e.g., by a current of air in the pre¬ 
sence of caustic soda—and then yield acids which unite with the 
alkali essential for their production. It has been proposed to 
take advantage of this formation of soap-like salts, in order to 
convert Russian petroleum into a semi-solid fuel without the 
addition of soap from an external source (see Vol. I.). The 
free so-called petrolic acids and their copper salts also possess a 
high value as disinfectants, and their use has been suggested 
as timber preservatives. 

Ozokerite.—Ozokerite is a mixture of solid hydrocarbons, the 
composition of which corresponds with the formula O n lI 2n ; it is 
regarded as an oxidation product of the hydrocarbons of crude 
petroleum, from which some hydrogen has been eliminated as 
water. It varies in consistency from a soft buttery mass to a 
hard rock-like material generally black in colour. The largest 
deposits are found in Galicia, a similar substance, called noftigil, 
being also found at Baku. Its specific gravity varies from 0-85 
to 0-95, and its melting point from 58° to 100° 0. = 136° to c 
212° F. It occurs in veins 40 to 80 metres deep, which generally 
run through clay containing petroleum. The mining operations 
consist in sinking a shaft from which galleries are rifti alopg the 
▼eins. Gas occurs in the workings, and safety* lamps have to be 
usdd. The mineral is brought to the surface both in the form 
of lump and as earth containing ozokerite. The larger lumps 
can be melted for the refinery, while the earth is extracted by 
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elutriation and the residues are boiled with water; recently it 
has been proposed to extract the last traces with light petroleum. 
The process of refining consists in treatment of the crude wax 
with fuming sulphuric acid, which converts some of the hydro¬ 
carbons into sulpho compounds, and afterwards witli charcoal to 
decolorise it. The material is then known as coresin, and amounts 
to 60 to 70 per cent, of the crude ozokerite. It has a melting 
point of 61° to 78°C. - 143° to 172 u F., and is largely used for 
the manufacture of candles (see Vol. II., Chap. XI.) and the 
adulteration of beeswax. There is also made an insulating 
material (okonite) which consists of a mixture of ozokerite arul 
indiarubber. 

Asphaltura.—This is the most condensed form of petroleum. 
Deposits of it occur in many countries, but the most noteworthy 
is that ut the pitch lake of Trinidad. Asphaltum is a black 
material, varying from a very viscous fluid to a hard resonant 
rock; at Trinidad two kinds are obtained, the better being 
known as “ Lake Pitch,” the other as *• Land Pitch.” The 
former is soft, bituminous, and impregnated with gas, chiefly 
II.jS and (;0 2 . The latter appears to be lake pitch altered by 
oxidation, and is harder and free from gas. The following table 
shows the composition of typical samples, free from water: — 



Uk«- 



per relit. 

per cent. 

Inorganic matter (ash), 

IJ6 ‘56 

37-71 

Organic matter, not bitumen, 

10-57 

10 08 

Hitumcu, .... 

52*87 

51-58 


100 00 

100 00 


Both qualities, as dug, contain about 27 per cent, of water. 

Although so similar in composition (stated in the proximate 
form adopted above), these kinds differ considerably in qualities; 
lake pitch, when refined, softens at 180° to 192° F. = 82" to 
89° C., and flows at 189° to 210° F. = 87° to 99° C., while the 
corresponding numbers for refined land pitch are 190° to 237° F. 
■*88 to 114 C., and 210 to 250° F. ~ 99* to 124* C. respec¬ 
tively. 

The process of refining consists in heating the pitch in stills to 
drive off the water and to* allow the mineral matter to deposit; 
the refined product is known locally as “epur<$” or asphalt. 
The specific gravity of the refined lake asphalt is 1*38, that of 
lanfl asphalt is J-43. 

The bulk of the asphalt obtained is used for paving, for # which 
purpose it is heated with heavy paraffin oil, and this product, 
“asphalt cement,” mixed with sand and other mineral matter, 
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and applied while hot. “Asphalt Rock”— e.g., Val de Travers 
asphalt—is a substance similar to Trinidad pitch, but containing 
up to 90 per cent, of mineral matter which is either siliceous 
or calcareous; when used for paving it is mixed with rich 
native asphaltum, such as Trinidail pitch, to increase the 
proportion of bituminous matter, the product being called 
“ mastic.” 
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CHAPTER VI. 

LIME AND CEMENT. 

T.ime is always prepared industrially by the dissociation of 
calcium carbonate. This raw material occurs naturally in the 
following forms:— 

(1) Marble.—A crystalline calcium carbonate nearly pure 
when white, sometimes containing mineral and carbonaceous 
(in black marble) colouring matter. The cost, ami closeness of 
texture of marble prevent its use as a raw material for making 
lime. 

(2) Limestone.—'This is a dense form of calcium carbonate, 
seldom so nearly pure as marble, generally containing silica, 
silicate of alumina ami magnesium carbonate. When tins last- 
named constituent is present to the extent of 5 per cent., the 
limestone may bo termed dolomitic, and when 23 per cent, is 
present may be ranked as dolomite; typical dolomite corre¬ 
sponds with the formula C'aOt ),. MgOO s , the magnesium carbonate, 
therefore, amounting to 4a‘Ct> per centf Dolomites are harder 
and better building materials than tire limestones, being less easily 
attacked by an acid atmosphere (soat Vol. 1.); the mixture of 
lime and magnesia produced by burning dolomite is only used 
as a basic lining for furnaces (see Vol. I.). The variations 
in the composition of limestone may be judged by the following 
analyses :—- 



(3) Chalk.—Chalk is a less massive form than limestone of 
calcium carbonate, and varies In purity in the same maftner. 
Ordinary chalk as quarried contains as much as 25 per cent, of 
water intermixed with it. The following analyses show the 
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composition of two typical chalks used for lime and cement o 
making:— 



Crey Chalk 
(yielding (irtomewhat 
hydraulic lime). 

White Chalk 
(yieldinga “fat" 

5 lime). 

Moisture,. 

17 39 

19-03 

Sand and clay, .... 

4-85 

0-93 

Combined Si()... 

0-78 

0-43 

Fe.,0, + AIM . 

0 53 

0-48 

CuiUs. 

73-84 

70 GO 

Men,, . 

<H>6 

0-88 

Alkalies, organic matter, and loss, 

1-93 

1*65 


100 00 

100 00 


In general, carbonate of liino approximately pure will yield 
“fat” quicklime on burning, while, when siliceous and clayey 
constituents are present, a “poor” lime which slakes slowly and 
is more or less hydraulic is produced. 

Principles of Lime-burning.—When calcium carbonate is 
heated under ordinary conditions, it begins to dissociate at about 
400° C. = 71)2° F., but the dissociation does not proceed far unless 
the carbon dioxide be removed from the neighbourhood. Indeed, 
in a closed space, at a temperature of 1,020° 0. = 1,8G8° F., cal¬ 
cium carbonate can be fused in the atmosphere of C0 2 generated 
by its partial decomposition; the resulting product has the aspect 
and physical properties of marble. The necessity for removing 
the carbon dioxide diminishes as the temperature rises; thus at 
812° 0. = 1,494° F. it may he allowed to accumulate until its 
pressure is 7G0 mm.— i.e ., one atmosphere. In practice the re¬ 
moval of the C0 2 is effected by the natural draught of the kiln, 
for in this manner the pressuro due to C0 2 is reduced, since much 
of the total atmosphere consists of other gases. Although in a 
lime kiln tho temperature may exceed 812° C. =» 1,494° F., and 
dissociation would be completed without the draught, yet tho 
process of burning is much accelerated by removal of CO., in this 
way; the removal is also imperative, because OaO and C0 2 would 
otherwise reunite (in the (presence of water vapour) as the tem¬ 
perature fell. It is obvious from these facts that the dilution of 
the atmosphere of the kiln by an inert gas like steam will favour 
the decomposition of the calcium carbonate. The heat of forma¬ 
tion of calcium carbonate from CaO and C0 2 is 42*5 Cal., whence 
it follows that 5-25 kilos, of fuel, having a heat of combustion 
equal to that of carbon, should suffice for burning 100 kilos, of 
CaCO s . In practice this quantity of fuel is much exceeded ; it 
may be as much as 15 to 20 per cent. 

Kilns for Lime-burning.—It will be seen from what has 
been said above that the conditions for successful lime-burning 
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are a temperature not lower than 812° 0. = 1,4114° F. and a rapid 
draught of inert gases through the heated limestone. Many 
forms of lime kilns are in use, but they are reducible to two 
types—(«) that in which the calcium carbonate is in contact only 
with the products of combustion, being separated from the fuel 
itself, and ( b) that in which the calcium carbonate and fuel are 
mixed. The former yields a better lime, inasmuch as it is not 
contaminated with ash, while the latter is more economical of 
fuel and can be more readily adapted for continuous running. 

(a) Kilns in which the Fuel is not in contact with the Calcium 
Carbonate.—One of the simph-st forms is shown in Fig. 2(5. An 

egg-shaped firebrick kiln is 
filled with limestone sup¬ 
ported on an arch roughly 
built of blocks of the same 
material. The fuel is placed 
below the arch, and the 
products of combustion pass 
upwards through the lime¬ 
stone, which is thus heated 
to the required temperature 
and converted into quick¬ 
lime. Such a kiln only 
admits of discontinuous 
burning, and has to be 
charged for the next batch. 
The limestone may lie sup¬ 
ported above tin*, fuel by other means —<?.//., a rough grating of 
iron bars,<fcc. The product is known as “Hare-lime.” The pro¬ 
cess of burning lime without solid fuel is obviously one that- 
should be well adapted for performance by the aid of the gas 
producer. The arrangement generally adopted consists of an 
annular kiln (Fig. 27), the space in the centre of which, A, serves 
for storing the limestone, so that it may be charged into the sur¬ 
rounding kiln at a fairly high temperature. The gas from a 
producer passes through Hues in the walls of the kiln, and the 
air for its combustion is admitted by a channel at the bottom of 
the annular space, B, B, and meets with the producer gas at a 
point about one-fourth of the height«of the kiln, 0, 0, where the 
true lime-burning begins, the quantity of lime below this point 
Berving to heat the air thns admitted. Similar kilns are in use 
in which solid fuel is burned on one or more grates at the base 
of the shaft containing the limestone, the heated gases passing 
up,the shaft and the lime being drawn from the kiln through 
1 oles at the base from time to time. Fresh limestone or 
chalk is fed in after drawing* and the running of the kiln is 
practically continuous. 

(b) Kilns in which the Fuel is in contact with the Calcium 
Carbonate.—The simplest form of kiln of this type is cylindrical, 
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ir like an inverted cone in shape, with a side opening al the 
>ottom, fed from the top with mixed limestone and fuel, and 
imptied below through the side; opening. The process can be 
larried on continuously, the charging at the top and unloading 
leneath proceeding regularly. The consumption of fuel is about 
!5 per cent, of the limestone burnt, but tin; product is necessarily 
nixed with the siliceous ash of the fuel, its value being thereby 



Fig. 27. —Lime l^iln heated by producer gag. 

B, B, Annular kiln; C, C. inlets for secondary air. 

impaired. Other forms of kiln, in which the fuel and calcium 
carbonate are in contact, are the Hoffmann ring kiln and the 
Dietzsch stage kiln (Etageo/en). 

Lime.—The quality of the lime produced depends, as already 
stated; upon (1) the quality of the limestone, and (2) the 
nature of the ash of the fuel with which it has been burnt, 
assuming the systems mentioned in the last paragraph to have 
been used. Commercial lime of good quality contains 85 to 90 
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per cent, of free CaO, the remainder being calcium carbonate 
left unburned or re-formed by exposure to air, calcium hydroxide 
(from absorption of moisture after burning), and calcium silicates 
and illuminates produced by the action of (ho lime on the 
siliceous constituents of the limestone and fuel ash. Magnesia 
is also commonly present, and when occurring in as high a pro* 
portion as 25 to 30 per cent, it renders the lime useless for 
ordinary purposes; the slowness of the hydration of the magnesia 
causes such lime to slake freely and imperfectly. Technical 
terms are used to distinguish the qualities of commercial lime; 
thus “fat” lime is lime containing a minimum of foreign matter, 
and slaking rapidly and violently to a smooth pasty mass of 
“ slaked ” lime. Good fat lime slakes with so large and rapid 
an evolution of heat that the temperature of the mass may rise 
as high as 150° 0. = 302° F. “Poor,” or “over-burnt,"or “dead- 
burnt” lime is that which slakes slowly and with little evolution 
of heat, and yields a slaked lime less smooth and plastic than 
that formed by fat lime. The more siliceous and clayey matter 
a limestone contains, the more liable it is to be over-burnt, and 
to vield a poor lime. As the reaction between the lime and the 
siliceous matter (producing calcium silicates and nlu ini nates, 
which become hydrated slowly ami with little evolution of heat) 4 
only takes place at a comparatively high temperature, the pro¬ 
duction of poor lime from limestones containing these con¬ 
stituents may bo avoided by cautious burning. 

Slaked lime dissolves in water, the solution containing 1 part 
of CaO in 780 parts of water at 15° 0. = 60° F. Tts solubility 
diminishes as the temperature rises, being rather less than half 
the above value at the boiling point. When lime is exposed to 
the air it becomes slaked by absorption of moisture, but there is 
pari passu an absorption of C0 2 . Such air-slaked lime approxi¬ 
mates to the-com position CaC0 3 .Ca(0H) 2 . 

Mortar.—Common mortar (as distinct from cement mortar) 
consists of 1 part of slaked lime and 3 of sharp sand (the pro¬ 
portions being generally by measure ) v and enough water to make 
a paste. One measure of fat lime will vield from 2 to 3 measures 
of slaked lime, while 1 measure of hydraulic lime yields 1*3 to 
17 of the slaked product. The principles upon which the setting 
of mortar depends will be understood from what follows. When ' 
freshly slaked lime is allowed to dry it sets to a hard mass, which, 
however, is considerably smaller in volume than the wet lime, 
and, therefore, forms shrinkage cracks. Admixture with sand 
prevents this. This first stage or “setting” depends on the 
general jyoperty of very finely-divided amorphous substances, 
suclf as kaolin, of drying to a hard caked mass. This change 
takes place witn lime, and then a further stage (“barriering") 
occurs, due to the absorption of C0 2 from the air, the mortar 
becoming coated with the calcium carbonate, the insolubility 
of which makes the mortar permanent under ordinary weather 
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conditions. In thick walls access of air is so slow that un- 
carhonatcd lime remains in the interior for many years. 

J he general effect of low temperatures upon mortar and 
cement during their application is to retard or prevent their 
setting. 11ns fact is the cause of the abandonment of building 
operations during frost. Urgent work with eemant in cold 
climates is conducted by the aid of steam heating at the point 
where the freshly mixed cement has been placed in position. 

. , 1 . s lts , us,! 08 mortar, lime is employed in all chemical 

industries as the cheapest form of alkaline substance. 

Plaster of Paris.—This material may be taken as a simple 
example of cements which set by hydration. It is manufactured 
^ i r t, " g ,E pBU, “’ 9 a8 <V'.A to a temperature of 120’to 
J.iU 0. =. -48 to 2G(i K. This must be done out of contact 
with iue , as the local heat of the burning particles that would 
be mixed with the gypsum (1) causes complete dehydration to 
UabO ( , which is not plaster of Paris (».{.), and (2) allows of the 
reduction of GaS0 4 to CaS, where the gypsum is in direct con- 
toct with carbonaceous matter. The gypsum is piled over arched 
fire-places, either in a rectangular chamber or in an egg-shaped 
kiln Good plaster corresponds with the formula 20aSO..H,0 
complete dehydration only occurring at 194° C. = 381° F., when 
C»S0 4 , which is hut slowly acted on by water, is obtained. 
Ihe mechanism of the setting of plaster of Paris mav be under¬ 
stood from the following facts (U Chatelier) 

When plaster of Paris (2CaS0 4 .H.,0) is shaken with water, 
some of it is immediately dissolved. This portion then com¬ 
bines with water, becoming CaS0 4 .2H 2 0, which, however, is less 
soluble than 2CaS0 4 .H,,0, so that crystals of the former hydrate 
are deposited, and more 2CaS0 4 .H„0 is dissolved by the same 
water. The process repeats itself until the whole quantity of 
calcium sulphate has crystallised in the form of CaSO ,2H„0. 
Obviously, when the water is only sufficient to make a 1 cream 
or paste with the plaster, this cycle of reactions will convert 
the paste into one composed of crystals of CaS0 4 .21I.,0, which, 
being needle-shaped and interlaced, constitute a coherent mass’. 
Theoretically, about 13 per cent, of water, reckoned on the 
weight of the plaster, is necessary for its setting, but in practice 
at least 35 per cent, of water is used, as otherwise the setting is 
unmanageably rapid. Anhydrous calcium sulphate will set 
when mixed with water, but more slowly than plaster of Paris 
becoming much harder than the latter. When gypsum is mixed 
witli a small proportion of alum, and completely dehydrated it 
sets more slowly than plaster of Paris, but less slowly'than pure 
Cab0 4 . Other salts—e.p., borax,—have been used for the same 
purpose. Tlie mode of action in these bodies, which are present 
in the finished substance in inconsiderable quantity, has not 
been satisfactorily elucidated. Keene’s cement is an example of 
this class j it is practically pure CaS0 4 , prepared from gypsum 
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by careful burning so as to avoid overheating, which prevents 
the anhydrous sulphate from setting in a reasonable time. A 
mixture of lime with a small proportion of calcium sulphate 
constitutes Scott's cement. Stucco is plaster of Faria set with 
a solution of size; it is capable of receiving a polish. 

Hydraulic Cements.—Hydraulic cements differ from com¬ 
mon lime mortars in that they aro not dependent upon desiccation 
for their setting, nor on carbonation for their hardening. Their 
setting depends upon hydration, analogous to that characteristic 
of plaster of Paris (v.s.). They are distinguished from plaster of 
Paris by their insolubility in water, which is sullicient in the 
case of “hydraulic” cements- —e.g., Portland cement—-to allow of 
their use for structures immersed in water, such as docks and 
breakwaters. 

Hydraulic Lime.—This material is manufactured by burning 
limestone containing siliceous and clayey matter. True hydraulic 
lime contains but little alumina, the silica being so finely divided 
and evenly distributed as to combine with tho lime on burning 
with the aid of but little fluxing material (A1 2 0 8 and Fe 2 0 3 )— 
(see Portland Cement , Vol. II.). Thus, lime made by burning 
the famous Theil limestone (found at Ardrecho in France) lias 
the following composition :— 


CaO, . 

. . . . 74 0 per cent. 

MgO, . . 

. . . 0*7 „ 

Si On (combine, i), 

. . . . 21 7 ,. 

Sami, . 

0*3 „ 

Al,u,„ . . 

1*S 

be 2 O a , . . 

. . . . 00 „ 

so ;l . . 

0*3 „ 

COm and HgO, 

. . . (Hi „ 


jooo „ 


Limestone, yielding hydraulic limes, which are in common use 
in this country, are less typical than the example quoted above, as 
they contain clay which gives rise to the presence of an appreci¬ 
able quantity of alumina in the lime produced. Thus, blue lias 
limestone has the following composition, an analysis being also 
given of a lime produced from a limestone of this class :~ 


Llmestone. 
Siliceous matter, 
CftCOj, 

MgCO s , 

A1A, 

FeA, 

Alkalies, . 
Water ana loss, 


Per cent. 
2010 
71-M 
1 *3f> 
3*f>2 
2-20 
0-78 
0-50 


100 00 
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Insoluble- residue, 
Combined Si0 2 , 
Al a O s , 

KeiOfc 
CaO, 

MgO, 
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Co,, 
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Alkalies and loss, 


Per cent. 

2 39 
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2 3t coal pre- t;* 


~ at 

63*43 )r8 " which. 

!.aaa circulate,,;*! 


A the kilns- ^ 
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The reactions which occur on burning a limestone of this 
character consist in the attack of the siliceous and clayey matter 
by the lime, resulting in the formation of certain silicates and 
aluminates of lime (see Portland cement , Yol. II., p. 151); these 
remain mixed with some free lime for the saturation of which 
sufficient acid constituents (Si0 2 and A1 2 0 3 ) are uot present. 
In actual practice the free lime takes no essential part in the 
setting, and may be conveniently slaked by the cautious addition 
of water, insufficient to hydrate the cementitious silicates and 
aluminates, before the hydraulic lime is put on the market. 
This is the custom in France where large quantities are used, 
but in this country the lime is generally sold unslaked, and water 
sufficient for the slaking and setting added at the time of use. 
This is undesirable, as perfect slaking of all free lime should be 
secured before the material is used as a cement, lest slaking alter 
partial setting should occur And give rise to disruptive strains. 
Good hydraulic lime serves much the same purposes as Portland 
cement (}.».), and thougli not possessing the strength of the 
latter, is a useful and cheap material of construction. It has 
the advantage, moreover, of setting slowly, and remaining plastic 
for a sufficient time to allow the slight settlement, inevitable in 
much new work, t,o occur and terminate before the joints of the 
structure become rigid. 

Boman Cement.—This cement is made by burning marl or 
any mixture of calcium carbonate and clay containing about 25 - 
per cent, of the latter. 

Septaria Nodules, consisting of chalk and clay in the above 
proportions, are dredged on the Kent and Essex coasts, and burnt 
to Roman cement. The temperature of burning is below the 
“ clinkering ” point (see Portland cement, Yol. II., pp. 145, 150), 
which is characteristic of complete union of the lime with the 
acid constituents. Roman cement is reddish in colour, and has 
a specific gravity of 2-5 to 3-0. ' On mixture with water it sets 
rapidly, and can be used as a true hydraulic cement— i.e., to 
withstand the action of water. In its behaviour as a cement it 
is similar to, but weaker than, Portland cement. The following 
is an analysis of Roman cement:— 
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Portland Cement.—Portland cement is the moat important 
*>f hydraulic cements, and its nature and behaviour are in many 
respects typical of all cements which depend for their action on 
the changes which cementitious silicates and aluininates of lime 
undergo on admixture with water. It may bo defined as a 
material produced by heating to a clinkering temperature, an 
inti mate mixture of calcareous, siliceous, and aluminous con¬ 
stituents, and finely grinding the resulting clinkered mass. 

Various raw materials iuay.be used ; the calcareous material 
may be nearly pun* calcium carbonate, such as chalk or lime¬ 
stone, or it may contain siliceous and clayey matter constitut¬ 
ing a marl; the siliceous and aluminous material may be a 
“poor" (i.e.y siliceous) clay, such as a river mud, or a marl 
rich in clay, or a gault clay— i.e one containing calcium car¬ 
bonate. The proportions of these constituents must be so ad¬ 
justed that whatever the raw materials may he their mixture 
shall contain about 75 per cent. CaCO a , the remainder being clay 
richer in silica than is pure kaolin. 

The manufacture is carried out in the Following stages : — 

(1) Mixing the raw Materials.—Two systems of mixing are in 
use. Tn the first, which is called the wet process, chalk and clay 
in the proper proportions are mixed with much water in a wash- 
mill, consisting of a circular basin, in which a vertical spindle 
carrying radial arms provided with rakes, rotates and beats up 
the raw materials to a thin “slurry.” The slurry Hows through 
.a grating to large reservoirs termed “backs,” where it settles. 
After subsidence, which occupies some weeks, the water is 
drawn off, and the slurry, still containing about 50 per cent, of 
water, is removed fin* drying and burning (u.i.). 

By the second or semi-dry process the raw materials are mixed r 4 
With sufficient water to form a paste (capable of flowing and of 
being pumped like a liquid), by means of a wash-mill similar to 
that used in the wet process. As no separation of coarse particles 
by c.lutriation and subsidence (such as is characteristic of the 
older, wet process) occurs in the semi-dry process, the slurry from 
the wash-mill is ground wet between millstones until ho visible 
particles of chalk remain in it. [In the dry process the clay is 
dried, mixed with limestone finely powdered, slightly damped, 
and moulded into bricks, so that the mixture may Joe con¬ 
veniently handled. These bricks are burnt in a kiln, usually 
of the Dictzsch or Hoffmann class.] 

p) Drying the Slurry.—The slurry produced by either of the 1 
above processes is dried by the waste heat of the kilns (v.i.), or by 
that oi the coke ovens URed in some works for coking the coal pre* 
vious to burning tho cement. It is pumped on to “floors” which'!; 
are made of iron plates, between which the waste gases circulate^ 
and dries into irregular cakps ready to be fed into the kilns. ^ 
(3) Burning to Clinker.—The dried, well-mixed raw material! 

V° 
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hiust be raised to a clinkuring temperature, which is attained at 
almost a white heat. The simplest form of cement, kiln is tlw 
ordinary bottle kiln, which is a bottle-shaped brick structure 
lined with firebrick, at the Uittom of which a pile of brushwood 
and coke is placed to serve for kindling the charge, consisting of 
alternate layers of dried 
slurry and coke. The burn 
ing is discontinuous, and the 
consumption of fuel is about 
40 per cent, of the weight 
of the clinker produced. 

The process is uneconomi¬ 
cal, more modern kilns con¬ 
suming a smaller propor¬ 
tion of fuel. The type of 
furnace known as a “stage 
kiln” ( Elayeofen ) is much 
used abroad, though not in 
this country to any extent. 

As shown in Fig 28, it 
consists of two vertical 
shafts placed back to back, 
and constituting separate 
kilns. The upper part, A, 
is not in the same vertical 
plane as the lower, B, but 
the two are connected by a 
horizontal chamber, C. 

The charge is introduced 
through the door, D, in the 
upper part of the shaft, 
where it is heated by the 
products of combustion from 
the lower part of the kiln. 

It is raked through the door, 

E, along the horizontal 
chamber, C, and falls into 
the lower part of the shaft, 



A, Upper part; B, lower part; C, con¬ 
necting chamber; D, door for charg¬ 
ing ; E, F, working doors; H, grate. 


B, where the combustion attains the clinkering temperature, 
and the clinker being plastic tends to stick to the walls of the 
kiln. It is dislodged by an iron tool through the working 
doors, F, and falls into the chamber, G, where it is cooled by air 
entering at the grate, H. The consumption of fuel in a Dietzsch 
kiln is about 20 per cent, of the clinker produced. Its chief 
drawback arises from the tendency of the clinker to ball to¬ 
gether and stick to the walls of the kiln in its passage from 
Entrance to exit. 

What i? probably the most economical form of fixed kiln for 
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burning cement is tin* llotlmann ring kiln (a plan of which is 
%howu in Fig. 29), but it needs the shaping of the raw material 
into bricks or blocks, for a reason that will lie stated later. 
For this purpose the bulk of the slurry is dried completely, 
and then mixed with the rest, so that the product may lie 
kueadable ^alternatively, when dry raw materials are used 
these are slightly damped; the mixture is then shaped in 
a brick-making machine, and, if necessary, partly dried by 
a supplementary source oi heat, the remainder of the drying 
being effected in the kiln. The ITotl'mann kiln, as shown in the 
figure, consists of fourteen firebrick chambers, A, through the 
roof of which shoots, 11, are arranged so as to distribute the fuel 
between the columns of blocks ot cement to be burnt. Each 



A, Chambers; B, shoots; C, Hue leading to chamber; JJ, Uue leading to 
shaft; E, main shaft. 


chamber is provided witli a flue, C, leading into the next cham¬ 
ber, and also a flue, 1), leading to the central main shaft, E. 
The.working of the kiln is as follows:—Each chain her contains 
its complement of bricks. Taking the case where the bricks in 
chambers 1 to 5 have been burnt and those in 7 to 12 are being 
bijnit, those in US are waiting to be burnt and those in 14 are 
being unloaded ; No. 6, w hich is already hot enough to start 
combustion, is charged with fuel through the shoots, which are 
then closed. All flues to the central chimney except that from' 
12 are also closed, and the draught from No. 12 dr Aw a in air 
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through the whole senes from an opening in chamber 1; the air 
traverses these chambers full of hot clinker, becoming warmed 
m its passage, passing from chamber to chamber by the flues 0. 

he products of combustion from 6 pass through the chambers 
7 to 1J heating their contents and then escaping nearly cool by 
the central shaft By this means the charges in these chambers 
are systcmafacally raised from the ordinary temperature to one 
just short ol clinkering. The diversion of the gases from 12 to 
the central flue is effected by a shield in the flue between 12 and 
1 h ' s . s . 1S of P a l ,er , SO that when the temperature 
rises sufficiently,it burns through and automaticallv includes 
1,5 ! n tho series; the damper in the flue leading from 12 to 
the central shaft is then closed, and that in 13 opened. The 
contents of G is now thoroughly burnt, and 7 is charged with 
1 ' , ° 7 3 ,7 < ' S 0l ' °P erations 1’siog shifted on by one 

chamber, No. 1 (the most thoroughly cooled) being unloaded 
and tho cold air allowed to enter through 2. No. 14 at the 
extreme end of tho half of the set of chambers in the act of 



rig. .'{0.—Rotatory cemont kiln. 


A, Chimney; 11, screw conveyor; C, burning cylinder; I), burner; K, shoot- 
r, first cooling cylinder; O, crushing rolls; H, second cooling cylinder. ’ 


burning, is meanwhile filled with fresh bricks, and the cycle of 
operations indefinitely repeated. 1 

Cement clinker being a highly basic material (v.i.) should not 
be burned m an acid-lmed kiln, although this is commonly done. 
An attempt to form a basic lining is often made by plastering 
the inside ot the kiln with slurry. Recently kilns have been 
lined with magnesia bricks, such as are used in steel furnaces 
and a “ neutral ” lining of bauxite has also been employed. 
During tile last few years the continuous drying and burning 
,.of cement bus been effected on tho large scale, especially in 
America, by the use of cylinders capable of rotation about an 
. axis set slightly inclined to tho horizontal, powdered coSl being 
used as fuel. Producer gas and petroleum have a'so been tried 
V “-7 th „ l 7 has ,nct with little success. I n the rotatory process 
(Tig. JO) the raw materials are conveyed to the upper end of 
. the burning cylinder, which terminates in the chimney. This 
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Cylinder is about GO feet long and 5 to G feet in diameter, con¬ 
verging towards the lower end. It is made of steel plates lined 
with firebrick rich in alumina. This material, however, being 
too acid to withstand the a tion of cement at a clinkering tem¬ 
perature, insist be protected in the hottest portions of the kiln 
by means of a further more basic lining. Bricks of magnesia, 
bauxite, and chrome-iron ore have been used for this purpose, 
but the most effective lining appears to consist of clinker itself. 
It may he applied either by strongly heating the firebrick and 
then placing a coating of clinker on it. or, better, by first 
putting a layer of common salt, on the firebrick, heating the 
kiln, and then introducing the raw materials, winch, as they 
reach the clinkering zone, are beaten and pressed down so as 
to form a lining of clinker of sufficient thickness to prevent 
its junction with the fireclay from reaching a clinkering tem¬ 
perature. 

The raw materials may he introduced into the cylinder either 
in the dry or wet state. In tiie latter case they are dried by 
the waste heat in the upper part of the cylinder itself. If wet 
raw materials are used it is economical to employ a longer kiln 
in order to utilise the waste heat of the products of combustion 
effectively. Kilns as long as 100 feet have been constructed. 
By the time they reach the clinkering zone, which commences 
10 to SO feet from the lower end of the cylinder, they should 
be completely dehydrated and all carbonate of lime should be 
decomposed. At the lower end of the cylinder the fuel (pow¬ 
dered coal) is introduced from an injector by means of a blast 
of air, which receives a preliminary heating by traversing the 
first cooling cylinders into which the burnt clinker falls through 
a shoot. On leaving this cooling cylinder it goes to tho crushing 
rolls, where it is crushed into small pieces and at the same time 
sprayed with enough water. The object of the addition of water 
is to wet the cliuker to such a point that, when it is ground, all 
unsaturated lime compounds may be slaked, and the resulting 
cement may be “sound" and free from tendency to expand 
unduly and crack. 

The consumption of fuel in the rotatory process is about - 
30 per cent, of the clinker produced, but as the process is. 
continuous, and the passage through the burning cylinder’ 
onty requires about three hours, the output per kiln is far 
greater than that possible with fixed kilns, as two rotatory 
kilns produce as much burnt clinker as five Dietzsch kilns. 
Moreover, the cement produced by the rotatory process is of 
superior qua'ity, being more uniformly’ burnt and containing no 
underburnt material. The saving of labour is also considerable^ 
the use of the process is consequently extending rapidly. j 

(4) Grinding the Clinker to Cement.—-Well-burnt^clinker is 
in the form of dark brown or greenish-black lumps, so hardj*j»t 
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to need much power for comminution. As cement is usually so* 
finely ground as to leave little or no residue on a sieve having 
2,500 meshes per square inch, the choice of a grinding plant is 
of much importance. The clinker is first reduced in size by 
a stonebreakcr, after which the grinding proper tfckes place. 
Usually, in this country, French burr stones set horizontally 
are employed, with or without sieves to size the product and 
to prevent coarse particles finding their way into the finished 
cement. Edge-runners are also used, and, abroad, ball-mills are 
extensively adopted (see Basic slag , Vol. II., p. 120). Since 
the occurrence of a demand for more finely-ground cement, 
more economical and effective systems of grinding have come 
into use. Ball-mills followed by tube-mills are commonly used 
in modern plant. The ground cement is generally stored, and 
turned over to aerate and slake any small quantity of unsatur¬ 
ated lime which it may contain, before it is put to use. When 
the cement is made by the rotatory process, and the clinker is 
quenched and watered as it comes from the kiln, this storage 
' is unnecessary. 

(f>i Composition and Properties of Portland Cement.— 1 The fol¬ 
lowing table of analyses gives the composition of typical samples 
of dried clay, slurry and cement (for chalk analyses set' p. I3S):— 
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The fact that cement is generally burnt with coke containing 
;10 per cent, and upwards of siliceous ash, makes it necessary to 
use enough chalk to provide lime for the, acid constituents of the 
«h j whence it follows that a slurry containing a suitable per¬ 
centage of calcium carbonate for burning with solid fuel,'would 
tend to yield a cement with an excess of lime if burnt with 
-.‘ gaseous fuel, or in a rotatory kiln in which the ash of the fuel 
[ is not mixed with the clinker, but js carried through with the 
- draught, jVariations in the content of ash and the quantity of 
i.fuel consumed, therefore, involve variations in the composition 
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of the slurry. Calculation of the composition of a cement from 
the known composition of the slurry from which it is made is, 
consequently, not exact, unless the ash of the fuel he taken into 
account. The following is an outline of the chief mictions 
which occiy in burning cement: - At a temperature of about 
600° 0. 1,112° F. the elav is dehydrated, and at 800' to 000‘ (\ 

= 1,472° to 1,652° F. the calcium carbonate is converted inlo 
caustic lime. A reaction then begins between the clay and the 
lime. Where the particles of lime and clay are in contact, 
fusible double silicates are produced, and serve as a flux to cause 
the union of the lime with the silica to form triealeium silicate, 
which is the chief cementitious compound present, in cement and 
is infusible />cr .sr, and calcium illuminates, which are fusible. Tho 
clinker of Portland cement is sufficiently basic to cause the ferric 
oxide of the clay to function, like flu* alumina.as an acid, and to 
form calcium ferrites. Completeness of reaction is never attained 
in practice, chiefly because it is impracticable to fuse tlie clinker, 
which is at most pasty, so that perfect, commingling ami con¬ 
sequent union of the acid and basic constituents are. nut at¬ 
tained. Local excess of acid consi it items and local excess of 
basic constituents may occur in clinker, the mean composition of 
which is correct. It follows that clinker as drawn from the kiln 
is a somewhat heterogeneous product. Three main materials cat! 
be distinguished therein. (1) Hard coherent dark clinker, con¬ 
taining triealeium silicate (3CaO. tti< >.,) as its essential const iIncut. 
(2) “Fallen” clinker or dust, resulting from the spontaneous 
disintegration of clinker containing deficiency of lime, and due 
to the presence of dicalcium silicate (2( ‘aO.Sit >.,) as the pre¬ 
dominant constituent. (3) Underburnt clinker, yellow and pink 
in colour, in which complete reaction between the lime and clay 
has not occurred, and which contains free lime. To secure the 
best cement, only sound clinker should he ground, but it is usual 
to send all except greatly underburnt material to the crushers. 
It is probable that the fallen cement poor in lime and the under- 
burnt portion containing free lime may, nevertheless, serve as 
cement by mutual action on mixing with water, the said action 
being analogous to that taking place between puzzuolana and 
lime (p. 153). It is evident that reliance on such a possibility 
is not calculated to produce sound cement; the object of the 
cement maker should be to effect complete union of his raw 
materials. 

The important constituents of good cement are tricalcium 
silicate (3Ca0.Si0 2 ), triealeium aluminate (3CaO.A1 2 0 3 ), and 
tricalcium alumino-ferrite (3CaO.Al 2 0 3 .Fe 2 0 8 ). Besides thesef, 
there are found as subsidiary constituents dicalcium silicate! 
(2Ca0.Si0 2 ) and monocalcium silicate (CaO.Si0 2 ); the former 
is remarkable for its change of state on cooling, for, its crystal* 
being twinned and contracting unequally at opposing faces^ 
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Separate ana tnus cause any mass composed of it to fall to 
P-t r , It is the presence of this substance which induces 
the falling of cement. Sound cement contains no free lime 
(sea Vol. 1.). 

Since Le Chatelier’s researches, experiments have,been made 
by Newberry, who has arrived at conclusions concernin'- the 
constitution of Portland cement generally similar to those of 
Le Chatelier, but differing in certain details. Thus Newberry 
holds that while the chief silicate is tricalcium silicate, yet (he 
chief aluminate is not the tricalcium salt but dicalcium alu¬ 
minum. He regards the function of ferric oxide rather as 
promoting the combination of lime with silica and alumina, 
than in forming useful cementitious substances itself, and 
thinks that in calculating the quantity of lime required 10 
saturate the acid oxides of a given clay, the ferric oxide need 
not be taken into account. In like manner, as magnesia does 
not act as a substitute for lime in cement, it is ignored in 
adjusting the proportions of acids and bases in the clinker. 

The setting of Portland cement is in nature similar to that 
of other hydraulic cements (save slag cement and puzzuolana 
cement) and is essentially a phenomenon of hydration. The 
successive changes that occur on mixing Portland cement with 
.water to form a paste are as follows :—(l) Loose compounds of 
ilme e.y., calcium ferrites—slake and are decomposed ; (2) tri¬ 
calcium aluminate reacts with water and calcium hydroxide {this 
latter having been produced by the decomposition of tricalcium 
silicate (v.i.) and calcium ferrites) according to the equation— 

3CaO. AljOj + Ca(OH)., + llH-O = 4CaO. AI 3 0 3 .12H..0 - 

This causes the initial setting of the cement; (3) tricalcium 
silicate reacts with water thus :— 

2(30a0. SiO.) + 9H s O = 2(CaO. SiO.). 5H 2 0 + 4Ca(OH).. 

The hardening of cement and the attainment of its character¬ 
istically great strength are due to this reaction. The products 
Of hydration of the tricalcium aluminate and tricalcium silicate 
pass into solution, and subsequently crystallise from their super¬ 
saturated solutions thus formed, in a manner similar to that of 
plaster of Paris (p. 142). This explanation is confirmed by the ob¬ 
servation that the temperature of the cement after gauging with 
Water doe3 not immediately .rise, but begins to do so after a lew 
moments ; the period of delay probably corresponds with that of 
dissolution, and the rise of temperature indicates the beginning 
pf crystallisation. Commercial Portland cement of good quality 
should contain the maximum possible proportion of tricalcium 
silicate and tricalcium aluminate, but should have no excess of 
bksic constituents. Its composition should, therefore, fall within 
jihe limits expressed by the equation— 
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CaO + MgO ... 

SiO s + Al,0j - 

In this equation the quantities are expressed in equivalents, not 
in percentages. Its meaning is that the total basic constituents 
of any cetntnt expressed in equivalents must be equal to or less 
than three times the total acid constituents also expressed in 
equivalents, so that after the formation of tricalciuin silicate and 
tricalcium aluminate there may remain no baso unsaturaled. 
All methods of stating the ratio of acids to bases in terms other 
than equivalents are necessarily meaningless. The quantity of 
magnesia in good Portland cement should not exceed ii per 
cent. The addition of plaster of Paris to the cement during 
the grinding, in order to lengthen the time of setting, is very 
Common, especially in the case of the cements produced by the 
rotatory process. These cements do not contain the sulphur 
(as sulphates) of the fuel, which goes up the chimney with the 
flue gases. In cements burnt in fixed kilns this sulphur is 
retained. Hence the addition of plaster of Paris or gypsum, 
to increase the proportion of sulphates in the cement and to 
lengthen the time of setting, is more frequent in the ease oi 
cements made by the rotatory process. 

Puzzuolanic Cements.—Certain silicates decomposable by 
acids and partly soluble in alkalies, are sufficiently active to 
combine with slaked “fat” lime to form calcium silicates in¬ 
soluble in water. Jn consequence of this property, mixtures of 
these silicates and lime have long been used as hydraulic content. 
Such are :— 

(1) Puzzuolana.—Puzzuolana is a volcanic tufa found largely 
in tint neighbourhood of Naples and Rome. 

1 ht* following are analyses of each kind :— 



Ncjipolltan. 

Jiomnn. 


Per cent'. 

l’er cent. 

Soluble silica,. 

27 60 

32 04 

Insoluble siliceous residue, 

35-38 

25 04 

aia + . 

JO 80 

22-74 

CaO, .... 

5*08 

4-00 

. 

0 35 

1-37 

.. 

Trace 

Trace 

M,() + CO,., ...... 

4-27 

8-92 

Alkalies and loss,. 

6*72 

. 


100-00 

100 00 


(2) Trass is also a volcanic tufa, and is found in the Rhine: 
listrict. Its com|>osition is similar to that of puzzuolana. 

(.3) Santorin earth, from the Greek island of Santorin, is 
lubstance of like character. 
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(4) Blast furnace slag is prepared by granulating a slag rich 
in liice— e.y., containing 50 per cent. CaO, 30 per cent. Si0 2 , 20 
3er cent. AL.O,. The granulation is essential, as if the slag 
;je allowed to cool slowly and assume a crystalline state its 
jhemieal energy is decreased, and it combines but feebly with 
ime. The granulation is effected by allowing the molten sla" 
;o flow from the blast furnace into a trough of running water. ° 
Cements are made from t.hesc materials 1 iy mixing them 
preferably finely ground) with lime, in proportions varying 
rom 1 : 1 of lime to 4 : 1 of lime. Slag cement is made on a 
tomsidernblo scale by mixing very intimately, in a ball-mill, finely, 
pound granulated blast furnace slag with about one-third its 
veight of slaked lime. It attains nearly as high a strength as 
Portland cement, but is usually slow in setting, taking' 6 t:o 
,2 hours, this property being characteristic of cements of the 
luzzuolana class. Lately it has been found that, by the regu- 
ittrd cooling of blast furnace slag containing 45 to n0 per cent, 
it lime, a material can be produced which when ground will 
set as a cement without the addition of lime; a mixture of slag 
thus treated and about 10 to 15 per cent, of Portland cement 
. has a strength comparable with that of Portland cement. 

Artificial Stone.—The cheapness and great strength of Port. 

' land cement hnvo led to its use in the manufacture of various 
kinds of artificial stone. Concrete (see Vul. T.) is a rough form 
ol artificial stone, and the preparation of both materials is 
Conducted on the same general lines—viz., the cementing together 
, of an “aggregate’' composed of fragments of natural°stonc by 
means of Portland or other suitable cement. The natural stone 
(e.y., granite in the form of ehippings) is mixed with cement 
mortar (i.e., cement and sand), made into a plastic paste with 
water, and moulded into any desired shape. Such artificial stone 
is sometimes treated with a strong solution of silicate of soda 
(v-uttr ylass) —(for the manufacture of water glass, v.i.). Tho 
effect of the sodium silicate is to react with the lime set free by 
the hydration of the cement (p. 102) to form calcium silicate, 
the caustic soda liberated being afterwards washed out. The 
Strength of the stone is thus increased, and its porosity dimin¬ 
ished. Where Portland cement is not a constituent of the stone, 
the materials may be mixed with water glass, and saturated with 
: calcium chloride solution, calcium silicate and sodium chloride 
• (the latter removable by washing) being.formed. * 

Artificial bricks are made in large quantities by mixing sand 
with slaked lime, moulding the mixture into bricks, and heatinw 
•; .these in steam under pressure. At a temperature cprresponding 
with about 150 lbs. pressure (say, 160°C. = 320° F.) the lime 
■ acts upon the sand, forming calcium silicate, which acts as a 
cement and binds the Band together into a coherent mass of 
; lufficient strength for buildiug purposes. 
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* Water Glass.—Water "lass (sohthl<> ghm) is an alkali silicate 
soluble in water. It is made by fusing silica, in almost, any 
convenient form, with sodium or potassium carbonate. The 
addition of a little carbonaceous matter (*?.//., small coal) ai ls 
the reaction, possibly owing to a Tendency towards the forma¬ 
tion of Na 2 () (or K 4 0) by the oxidation of sodium (or K), 
liberated by the carbon. When sulphate is substituted for 
carbonate, tin* presence of carbon reduces the sulphate to 
sulphide, which acts freely on the silica. Finely-divided silica 
may also he heated with a solution of caustic alkali under 
pressure, for the same manufacture. The reaction is aided 
by transforming insoluble forms of silica, such as flints, into 
the more soluble variety by heating them to redness, ami 
quenching in water. Commercial soluble glass varies between 
the limits Na.,0. ISiO., and Na 0 (>.‘JSiU 2 , tin? commonest grade 
being about Na.,0. .*1 Si( anti is made by fusing - parts of 
quartz sand with 1 part of sodium carbonate? and O' 1 part, of 
small coal. The solubility varies inversely as the proportion 
of silica, a glass rich in silica being very sparingly soluble. 
Consequently, soluble glass is often sold in solution, as the 
solid is apt to bo slow to dissolve. Soluble glass is decom¬ 
posed at the ordinary temperature by the feeblest acids, even 
CO.,, gelatinous silica being separated. Besides lming used lor 
making artificial stone, soluble glass is employed for rend ring 
wood fire-proof, as a detergent, and for protecting natural stone 
of a quality that does not weather well. 



OLAY INDUSTRIES AND GLASS. 


SMT 


CHAPTER VII. 

CLAY INDUSTRIES AND GLASS. c 

CLAY INDUSTRIES.—Clay.—Typical pure clay is kaolin, 
2Si0 2 .Al 2 0 3 .2H 2 0, corresponding with the composition SiO, 2 17*1 
per cent., Al 2 O a 39*2 per cent., H 2 0 13*7 per cent. Such typical 
clay results from the weathering of granite, a rock which contains a 
felspar (orthoclase, K 2 0. Al 2 0 3 .CSi0 2 ,or albite, Na 2 0. Al 2 0 3 .nSi0 2 ), 
a mica, generally potash mica, K 2 0.3Al 2 0 s .4Sit) 2 , and quartz. 
By the weathering process the alkalies are leached out, and the 
silicate of alumina is hydrated and washed away from the less 
finely-divided quartz. White granites which contain soft earthy 
felspar (see Yol. I.) are more easily weathered than those con¬ 
taining orthoclii.se, and yield an approximately pure kaolin. 
It will be seen that the purity of the clay resulting from this 
weathering process depends upon the composition of the parent 
rock, the perfection of the elutriation and the nature of other 
alluvial deposits with which the clay has become mixed. The 
following analyses show the composition of typical pottery clays 
containing much or little nearly pure kaolin : 



1’nre Kaolin 
(Zettlitz). 

Kaolin with 
Quartz. 

Kaolin with 
Fclstpir. 

Kaolin clay substance,* 
Felspar, . 

Quartz, 

Per cent. 

9(5 0 

11 

2-3 

Per cent. 

H.'i'S 

0-7 

3S-S 

Per cent. 
f*.v9 

3S*2 

5-9 


Clays of all classes are fitted for their use in making pottery 
,by two main properties:—(1) The ease with which they may be 
moulded and shaped when wet, and (2) their change of state to 
* Containing— 


1 

Pun* Kaolin 

Kaolin with 

Kaolin with 

, i 

calvJj__....._ 

yZerlitz) 

Quartz. 

felspar. 

(‘’’I Silica. . . . 

Per coi.t 

Per cent. 

Per eeni. • 

I.Vt) 

* 43-3 

47-1 

,i Alumina, . 

38-1 

371 

3U'0 

witi Ferric oxide, 

(hd 1-iino, 

0 9 

... 

13 

... 

OO' 1 

1 

witi Magnesia, . 
act] -Alkalies . . • 

Water, . 

0-7 

0-8 

3-3 

IS 

13-3 * 

2 0 

121 

1 

12 9 

cer| * 
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a hard unalterable condition when tired. The former of these 
two properties appears to depend on the mechanical condition of 
the clay rather than on its chemical composition. Pure kaolin 
is less plastic than are clays containing certain impurities— 
e.g.. free hydrated silica and ferric oxide. A comparison of the 
analyses or the clay substance of kaolin clays with those of the 
clay substance of eminently plastic clays, shows in the truo clay 
substance (as distinct from quartz and felspar) of the latter class 
of clays, a slightly higher percentage of silica, ferric oxide and 
alkalies and a lower percentage of alumina and water. The 
change which clays undergo on heating is one of dehydration 
and agglomeration accompanied by much shrinkage. Pure 
kaolin is extremely refractory, being infusible at tin* tempera¬ 
ture of t.ho porcelain furnace. The general effect of impurities, 
especially of bases, is to lower the fusing point of kaolin. The 
effect is, however, not confined to bases; silica will also i over 
the melting point of kaolin by the. formation of double silicates 
with such unsaturated bases as may bo present in the kaolin as 
impurities. Further addition of silica (which is itself infusible 
at the temperature of industrial furnaces) will again raise the 
melting point. Equivalent quantities of bases lower the melting 
point in the following order~K.,0, Fe 2 (> s , OaO, MgO, the last-* 
named having the greatest effect, for equal weights. The clava 
fall into the following classes, according to their chief industrial 
use:— 

(1) Porcelain clay or Cornish clay, approximately pure kaolin, 
poor in plasticity, refractory, burning to a white or light cream 
colour. 

(2) Plastic clay, more impure than the foregoing, more plastic 
and jess refractory; it burns to a yellow-red colour, and is used for 
ordinary earthenware, and its commonest variety serves for brick 
making. Mixed with calcium carbonate it constitutes clay marls. 

(3) Fireclays.—These are clays found chiefly in the coal 
measures which, so far as the true clay substance is concerned, 
approach porcelain clay in composition {though often containing 
more iron), but contain more silica as quartz. They are highly 
refractory, dark in colour, and are used for furnace linings and 
crucibles. The varieties, rich in quartz, form a link between 
normal fireclay and such highly siliceous substances as Dinas 
“ fireclay ” (with 97 to 98 per ceftt. Si0 2 ) and ganister, which 
aroused for making specially refractory bricks. 

Bricks.—Common bricks are made of the eommonor kinds of 
clay, containing sufficient sand to prevent undue shrinkage on 
burning. The clay is weathered, and large stones and lumps of 
limestone, pyrites, <fcc., which would tend to disintegrate the 
bricks alter burning by slaking and oxidation, are removed, 
and the clay pugged to *a smooth paste, moulded into a 
rectangular rod and cut into bricks. A better grade is mad® 
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me, therefore, tolerably impervious. Glazed bricks' are made 
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Brick clay. 

Quartz,. 

Felspar, 

Calcium carbonate, 

,, sulphate,. 
True clay substance, 
Consisting of 
Silica, . 
Alumina, 

Ferric oxide, . 

Maguesia, 

Alkalies, 

Water, . 


Per cent. 
1<>-42 
.1-27 
445 
OOo 
74 91 
Per cent. 
46-96 
36-42 
2'80 
0-87 
0-91 
1204 


Fireclay. 
Quartz,. 
Combined silica, 
Alumina, 

Ferric oxide, 
Lime, . 
Magnesia, 
Potash,. 

Water,, 


Per cent. 
84-39 
5J1 
f)-40 
0 *21 
0-20 
0 09 
0-61 
3-74 


The former contains numerous fluxing constituents— e.g., lime 
ferric oxide and felspar-while the hitter is nearly free from 
such substances, and is accordingly refractory ^ 

Wto “7 “t” fr ° m f lay 8uitable for b ™K but of rather 
b , ‘ , .f at f' lb ?y. are burut in kilns in the same manner as 
the better class of bricks. A mode of preparation which pfesenis 
« certain economy consists in sifting the dried day lightly 
damping ,t by sprinkling, pressing the feebly coherent pooler 

In 77? > rfU *-f reSS ’., and , burnin 8 'Hie raw tile thus produced. 
Xn pioducfhg tiles with coloured patterns (encaustic tiles) a layer 
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of the best day is put on to a body of coarse clay, which is still 
further backed by a common clay. Tlu* face of the tile is pressed 
on to a plaster of Paris mould of the required pattern, ami the 
indentations thus formed are tilled with a slip consisting of day 
mixed with the required colour, the tile thus ornamented being 
burned in#sugger.s (p. 1G0) and glazed. Tiles are frequently 
glazed, the general methods being similar to those used for 
earthenware (p. 102). 

Pure kaolin would be useless for making pottery, as its in¬ 
fusibility and large contraction on beating prevent its consoli¬ 
dating to a sound dinkered mass. The first# drawback is met. by 
the addition of some flux felspar—and the second by the 

admixture of an inert infusible aggregate, such as sand. The 
three main classes into which pottery can be divided are (1) 
porcelain; (2) stoneware; (.'!) earthenware. Tn tin* first, the 
body of the ware is dinkered throughout, and no hard line of 
demarcation exists between the glaze and the body of the ware. 
When thin it is translucent, and being made from the purest 
materials it is white. Tn the second, less pure materials are 
used, and the wan*, is coloured and opaque, hut the body and 
glaze are similarly inseparable, and the body itself is impervious. 
Ju the third class, the body of the ware is pervious and presents 
no sign of sintering, and the glaze is adherent only, and not truly 
incorporated with the body of the ware. 

Porcelain.—Hard Porcelain.—This is made from a mixture 
of kaolin, felspar and quartz, which must be ground, sifted and 
levigated. A mixture used for Berlin porcelain consists of 55 
parts of true kaolin, 22*5 of quartz and 22*5 of felspar. The 
quartz is not added as such, being present in the kaolin used. 
The kaolin is made into a thin paste with water, the quartz (if 
needed) and felspar are ignited and quenched in water to disin¬ 
tegrate them, and also made into thin pastes, all three materials 
being mixed by pumping from ono vessel to another, and then 
separated from the surplus water by filter presses, the resulting 
mass being in a kneadable condition. The plasticity of the paste 
is often improved by weathering; the cause of this improvement 
is imperfectly understood. The vessel to be made is fashioned 
cither on a potter’s wheel or by moulding— i.e. t by pressing the 
paste either in its moist form or after drying, powdering and 
slightly damping (so as to stick together), into suitable moulds, 
or bj casting the liquid paste in a plaster of Paris mould, which 
absorbs the water, leaving a coating of raw paste. In this last 
case repetition of the process can be carried on until the desired 
tlyckn&s is attained. The ware, however prepared, is allowed 
i.) dry very slowly, and is given a first baking (“biscuit firing”) 
at a moderate temperature (700° to 800° 0. - 1,292° to 1,472' F.), 
whereby the kaolin is dehyamted and the goods become strong 
enough to bear handling. The ware is protected from dust and 
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direct contact with the flame in the kiln by being enclosed in 
“saggers,” which are boxes made of refractory clay and built up ifc 
columns in the kiln. During the first burning the ware shrinks 
about 3 per cent, of its linear dimensions. When ordinary glazed, 
as opposed to biscuit, porcelain is to be produced, the ware after 
the first burning is dipped in a slip of a similar composition to 
the body of the ware, but more fusible. Thus, Berlin porcelain 
is glazed with a mixture of kaolin, felspar, quartz, gypsum, or 
marble, and broken porcelain. A typical glaze of this class has 
the composition 10 Si0 2 , 1 Al^Og, 0 7 CaO, 0*2 MgO, 01 K.,0 
(stated in equivalents). The materials for the glaze are reduced to 
an impalpable powder and made into a thin slip with water; the 
goods are dipped in this slip and retain a coating of the raw glaze, 
after which treatment they are dried and burnt a second time at 
a temperature of about 1,400° to 1,500° 0. (2,552° to 2,732° F.). 
During the burning the body of the ware clinkers and the glaze 
fuses,so that the resulting porcelain is impervious throughout,and 
is not dependent upon the glaze for its impenetrability. A further 
contraction of 7 to 9 per cent, on the original linear size of the 
goods takes place during this firing. During burning, the ware 
is placed in “ saggers ” as before, care being taken that no glazed 
portion of the porcelain is in contact with the sagger, lest it 
stick. Similarly, to avoid strain, the clay, of which the saggers 
are made must shrink in firing to the same extent as the goods 
burnt. A kiln frequently used consists of two cylindrical cham¬ 
bers, one above the other, at the bottom of each of which are 
several firing grates. Openings from these grates into the kiln 
permit of the passage of the flame to the goods stacked therein. 
Flues from the top of the lower chamber pass into the upper, 
and thence through the dome-shaped top of the kiln, which 
constitutes a third chamber kept at a lower temperature, this 
division being used for the first firing. ‘ The burning usually 
takes about twenty-four hours, and the goods are allowed to 
cool for three or four days before opening the kiln. The progress 
of burning is watched through spyholes, and the temperature 
judged by the behaviour of Seger’s cones, which are small 
pyramids made of different porcelain mixtures of known 
softening point, forming a series covering the whole range of 
temperature in use in porcelain burning. The ultimate com¬ 
position, stated in equivalents, and approximate fusing point 
of a few of these cones (the full series comprising thirty-six 
numbers) are given below:— . * 
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AJ>ove this temperature, A1 2 0 3 and Si0 2 alone enter into the 
composition of the cones, the ratio being 1 Al 2 0 3 : 2Si0 2 (corre¬ 
sponding with pure kaolin) for the highest temperature. A 
similar series for the control of the firing of soft glazes, which 
contains B.,0 3 to lower the melting point, is also in use. In 
Berlin porcefain, as in other kinds still to be described, the com¬ 
position of the glaze should approximate as nearly to that of the 
body of the ware as is consistent with the greater fusibility of 
the former. The contraction of the glaze during firing and its 
coefficient of expansion when finished, should be as nearly as 
possible identical with the same properties of the ware itself. 
It must “wet” the body of the ware and soak into it to some 
extent, so that no hard and fast line exists between them, and 
they are mechanically one. 

Colouring Porcelain.—Only metallic oxides which yield coloured 
silicates are available for decorating porcelain. Coloured glazes 
may be regarded as the ordinary colourless glazes with one or 
more of the oxides of heavy metals substituted for lime or 
alumina. If the oxide* be of the type lit), it takos the place of 
an equivalent of lime, and of alumina if it he of the type lt. J 0 3 . 

For the colourations imparted by individual oxides, see <H 
Vol I L, p. 172. The colouring of porcelain is done in one of two 
ways. In the first, the coloured glaze is applied to the biscuit 
ware before glazing with the ordinary colourless glaze, and the 
colour is thus protected in the finished ware. In the second 
method, a colourless glaze is first applied, and then fusible 
coloured glazes or enamels are painted on the surface of this, the 
whole being lired in a inutile at a temperature below tin* f using 
point of the colourless glaze. In this case the colour is on the 
surface, and is unprotected. 

Soft Porcelain.—All varieties of soft porcelain may be regarded 
as intermediate jn composition and properties between hard 
porcelain and glass. Thus, the soft porcelain formerly made at 
Sdvres was prepared by mixing 80 parts of white sand, 22 of 
nitre, 7 of salt, 4 each of alum, gypsum and soda, and “fritting” 
the mass together until incipient fusion (sintering) took place. 
The frit was powdered, and 75 parts mixed with 17 of chalk 
and 8 of a calcareous marl, the whole being washed to a slip, 
moulded and burnt in the usual way. Unlike hard porcelain, 
Boft porcelain receives its heavier firing the first time it enters 
the kiln. The subsequent firing to fix the glaze, which is a lead- 
alkali glass (see Flint glass, Vol. IT., p. 172), is carried out at a 
lower te.mperature on account of the fusibility of the glaze. 
"English soft porcelain is distinguished by the presence of calcium 
phosphate ; a typical mixture consists of kaolin 27 per cent., 
China stone (a Cornish clay rich in felspar) 27 per cent., bone 
ash 46 per cent. The glaze is a lead glass or a glaze containing 
B 2 0 3 , and the firing is conducted as for French soft porcelain. 

11 
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When a clay containing traces of iron is u*ed, the yellow colour 
produced is corroded In tlx; addition of a small proportion of 
oxide of cohalt to t he paste. Soft, porcelain is well adapted for 
ornamental purposes, hut-it is less resistant than hard porcelain, 
especially to rapid IInet nations of temperature, and the glaze is 
softer, and more liable to crack or “craze,” as the formation of a 
net work of hair er.o ks is termed. 

Biscuit Porcelain is the name given to unglazed hard porcelain. 
Parian is that used for unglazed soft porcelain, both materials 
being used for statuettes. 

Stonoware.---Stoneware, like porcelain, is clinkered so as to 
he impervious, hut its constituents have not been so near fusion 
as to yield a translucent ware. It consists of the same material 
as porcelain, but then 1 , is no typical soft variety —e.y., one 
containing bone ash. A comparatively large proportion of fel¬ 
spar is used, and flint is a characteristic constituent, frequently 
amounting to half the weight of the mass. The flints are pre¬ 
pared by calcining and quenching in water (the silica undergoing 
molecular change), by which treatment they become easier to 
grind. Wedgwood ware consists of a clay, but slightly refractory, 
together with kaolin, flint, and China stone (v.s.). Stoneware is 
fired at a somewhat lower temperature than porcelain, and 
generally without the use of saggers. Owing to the impervious¬ 
ness of the body of the ware, glazing is unnecessary, but for 
goods to resist corrosive liquids ( e.g ., acid jars, bombonnes, 
•cooling worms, *kc.) a “salt glaze” may be employed. The 
process of salt glazing consists in throwing wet salt on to the 
fire at the end of the biscuit firing, whereby the salt is decom¬ 
posed, and hydrochloric acid and soda result, the latter attacking 
the surface of the ware and forming soda glass thereon. It is 
obvious that such glazing is only applicable to ware which is ricli 
in silica, this serving as an acid to unite with the soda. In 
addition to its ordinary uses, stoneware is employed for making 
hard refractory paving tiles, the fact that it is clinkered 
throughout adding greatly to its durability. 

Earthenware.—-This material is characterised by the fact 
that the body of the ware has at no time approached fusion. 
Atypical paste for white earthenware consists of “ball-clay” 
(a highly plastic clay) $5 per cent., china-clay 32 per cent., 
flint 35 per cent., Cornish stone 8 per cent. In preparing the 
raw materials for such earthenware, magnetic iron oxide is 
removed by running the slip through a box containing magnets. 
The commoner varieties of earthenware are brown in colour, the 
iron of the clay not having been removed. Glazes for earthen¬ 
ware consist chiefly of mixtures of clay, sand, soda, borax, and red 
lead. The chief firing takes place in the biscuit state, the second 
being at a lower temperature on account of the fusibility of the 
glaze. The glaze does not penetrate the body of the ware, and is 
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easily detachable therefrom—a distinction from stoneware and 
porcelain. As the us«* of lead "lazes lias occasionally resulted 
in plumhism among the work-people, an attempt has lately 
been made to use lead less "lazes. According to Thorpe and 
Oliver, the greater part, of earthenware may be glazed without 
using lead, the now glaze not being inferior to the old For 
certain kinds of earthenware, however, such as Majolica, jet, 
and Rockingham, and for enamel colours in ground-laying, 
glazes containing lead must, bo used. They should be employed 
in the form of “fritts,” in which the lead silicate has been 
actually fused with the other ingredients, and should approxi¬ 
mate to the formula 4PM), GOaO, 2(Na,K).,0, .‘lAl.^O,,, 2lV,< 
‘>7Si()... The compositions of two lead less glazes, a lead less 


■ill, as well as of a fr 

itt containing lead. 

follow : — 
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There is little doubt that leadless glazes can be used, although 
less easily than the ordinary glazes containing lead. It is cer¬ 
tain that the use of lead glazes in itself is harmless; injury 
arises from carelessness on the part of both workman and 
employer. 

The common English kiln for firing earthenware and stone¬ 
ware consists of a dome-shaped hood containing a circular oven 
with a bee-hive top. The flames from * he fires, which are situated 
round the base of the oven, enter partly through flues running 
up tftn sides of the oven and partly underneath it ; the wares 
are imbedded in sand or ground flint in saggers with which the 
oven is filled save for spaces to allow the circulation of the flame. 
Holes in the crown of the oven admit of the escape of the flue 
gases into the hood which creates the necessary draught and 
protects the furnace from weather. In modern practice regenera¬ 
tive gas-firing is much used, and the Hoffmann kiln (p.* 147) ia 
also employed to a considerable extent. 
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GLASS.—Glass is defined as a mixture of silicates, one of 
which is always the silicate of an alkali. It is amorphous, very 
difficultly attacked by water and acids, and usually transparent. 
No single silicate fulfils these conditions. The silicates of the 
heavy metals are usually coloured, and are, therefore, only used 
as constituents of coloured glasses. Most ordinary colourless 
glasses fall into two classes—viz., alkali-lime silicate's and alkali- 
lead silicates—for these silicates, unlike most others, have hut 
little tendency to crystallise on solidification. The mixture of 
silicates for glass making must be so chosen that it shall melt at 
a yellow heat* and be plastic at a temperature considerably 
below this. These conditions are fulfilled by mixtures rich in 
alkali silicates, but these are too easily attacked by water to 
be available as glass. Double silicates, free from alkali, are suffi¬ 
ciently resistant to water and acids, but need a higher working 
temperature than is convenient for glass making. 

Most glasses correspond with the formula 3Si0 2 . RO, where RO 
Stands for both alkali and lime (or lead oxide). The alkali and 
lime (or lead oxide) vary in proportion from 1:1 to 5 :7 (in 
equivalents), corresponding with the formulae Na.,O.OaU.6SiC>, 
and 5Na.,0. 7CaO. 36Si0 2 ; in these formulm KO in.iv trike ih« 
plat e of Nn 2 0, and PbO that of CaO. 

There are many varieties of glass—the chief of which will be 
described below—but the main raw materials, which fused 
together form glass, are comparatively few, and are included in 
the following list:— 

Raw Materials.—(1) Silica.—'Phis is now almost always 
quartz sand. For the best kinds of glass it must be as free 
as possible from ferric oxide, to remove which treatment with 
hydrochloric acid is sometimes practised. For commoner glass 
(h r > per cent. Fe 2 O s is permissible. In England, Lancashire 
and Bedfordshire sand is esteemed for glass making, and on 
the Continent deposits of great purity occur at Aix and Fon* 
tainbleau. Belgian sand is also much imported into this 
country. Quartz and flint are also forms of silica sometimes 
used. Whichever be adopted it is advantageous to heat to 
redness and quench in water to increase the ease with which 
the silica is attacked in the melting pot. 

(2) Alkali.—Sodium carbonate free from iron, made bv either 
the Leblanc or the ammonia process, is the chief form of alkali 
employed in glass making. The reaction between sodiuta car¬ 
bonate and sand when fused together is represented by the 
following equation:— 

Na a CO a + 3SiO a = Na/USiO, + CO,. 

Sodium carbonate has, however, been displaced in great measure 
by sodium sulphate, which, when-needed especially free from iron, 

* For'the temperatures corresponding with this and similar industrial 
terms, see Vol. I. 
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i} crystallised in lead pans for tin- glass industry. The same 
salt obtained as a bye-produet from the Stassfurt deposits, is 
also used. Sodium sulphate is decomposed by silica at a high 
temperature, thus— 

\a.jSO 4 -t- 3Si0 2 = Na.,0. ,‘tSi(-i- S0 3 . 

The reaction is facilitated by the addition of carbon, which 
reduces SO s to St(XL being simultaneously formed. It will 
be seen that 71 parts of sodium sulphate are needed to replace 
f>3 parts of sodium carbonate. This and the higher temperature 
necessary, tend to reduce the advantage gained by substituting 
the cheaper sodium sulphate, for sodium carbonate. The use of 
carbon must be restricted lest Na.,S be formed, which dissolves 
in the glass yielding a yellow or brown colour. A still cheaper 
source of soda for glass making would be salt, wore it, mu. that 
the volatility of NaCl and the fact (hat steam is necessary for 
its decomposition by SiO.,, have hitherto prevented its adoption 
on a manufacturing scale. Ordinary potash glass is mad<- from 
crude carbonate of potu.-.h or wood-ashes, while refined potassium 
carbonate is used for the host grades. Potassium sulphate 
cannot well be substituted for the carbonate, as it. is only 
decomposed with ditliculty in the manner practised tor sodium 
sulphate*. 

.'») Lime.— I’ure marble is used for the best glass, and lime¬ 
stone or chalk e>r the common kinds. Marls (containing clay 
as well as CaCO.,) are? sometimes used, a portion of their alumina 
entering into the composition of the glass. Many siliceous 
minerals, especially such as contain alkali e.<y., felspar - mav be 
used for common bottle glass. 

(4) Lead oxide is most frequently used in tin? form of minium 
(red lead. Pb 3 0 4 ), more rarely as litharge (PbO); the excess of 
oxygen in the former is an advantage tending to prevent reduc¬ 
tion of the metal ; the latter is not only destitute of this excess, 
but frequently contains some metallic lead. 

(f>) Cull el. -This is the technical term for broken glass, which 
material acts as a flux, aiding the reaction between the con¬ 
stituents of the new glass, and thereby hindering loss of alkali 
bv volatilisation. For tine glasses care must be taken that the 
collet approximates to the composition of the glass to be made. 

(6) Correctives of Colour.—These are of two classes, those 
which tint the glass with a sliado complementary to that due 
to tfle impurities in the raw materials, and those which act as 
oxidising agents. Manganese dioxide, the best known of these 
additions has long been used under the name glass maker’s soap, 
on account of its property of clearing away the green colour due 
to ferrous silicate in the glass. This it effects by oxidising the 
ferrous silicate to the slightly yellow ferric salt, and by yielding 
a violet manganic Hilicate complementary in colour «to green 
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ferrous silicate; thus it possesses a double function. Manganey 
dioxide for glass makers’ use should obviously be free from iron. 
Titanic acid also effects chromatic neutralisation. Nickel oxide 
and cobalt oxide are other reagents of the same class. Zinc oxide 
removes the tint due to sodium sulphide by double decomposi¬ 
tion with that body. Agents of the second or oxidising class 
are arson ions oxide (white arsenic)—which oxidises ferrous oxide, 
being itself reduced to metallic arsenic which volatilises—nitre 
and manganese dioxide, as indicated above. 

The raw materials of whatever class are thoroughly ground, 
sifted, and mixed in proportions consonant with the character 
of the glass to be made. These proportions must be modified so 
as to allow for the loss of alkali which occurs by volatilisation, 
and the amount which is likely to be removed as (jlass-qall (i.e., 
excess of sodium salats, chiefly sulphate, floating on the surface of 
the fused glass); the total deficit ranges from 10 to 20 per cent. 

Fusion of the Raw Materials to Glass.-—The, older and 
still common method of fusing glass consists in heating it in 
pots of refractory clay set in a furnace fired by external grates— 
so that only flame and gaseous products of combustion may come 
in contact with the pots—or with gaseous fuel used in a regener¬ 
ative furnace. According to more recent practice, the glass is 
melted in one large vessel or tank (instead of in several pots), the 
tank being set in a regenerative furnace, very similar in construc¬ 
tion to a steel furnace. With regard to the details of melting 
the following may be said :— 

A ghiss-pot is circular, resembling a large flower pot, but, of 
course, without the hole at the bottom. It is from 3 to ft feet in 
diameter, and of similar height. It is built up from fireclay, the 
best for the purpose being from Stourbridge, mixed with about 
one-fifth of its weight of old pots ground to powder. The ground 
pot is for the purpose of preventing shrinkage cracks when the 
new pot is tired, and its proportion varies with the quality of 
the plastic clay; thus Stourbridge clay with some 40 per cent, of 
sand, being hut little plastic and not greatly liable to shrinkage, 
needs a smaller proportion of ground pot than a plastic clay 
richer in clayey substances, and correspondingly poorer in 
sand. The pots require very slow drying (in rooms warmed 
to about 25° C. -- 77° F. for three to twelve months), and 
very gradual baking (lasting from three to seven days). In 
order both to protect the pot, and to avoid contaminating 
the charge with matter from the pot, a glaze is applied by 
melting a charge of cullet (broken glass) in the pot,, a crust 
of glass being thus caused to adhere to the walls. The life 
of a glass-pot (during which it must not be allowed to cool) 
varies from a few weeks to q early a year, according to 
the quality of its material and its conditions of use. A 
furnace of the older type without gaseous tiring is shown in 
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Ffc. 31. The furnace itself. A, is a circular brickwork chamber 
with side openings which carry the flume and products of 
combustion through the flues, B, into the hood, C. The pots, 
I>, are placed round the chamber, A, opposite openings in 
between the flue openings. The firegrate, E, is situated 
below the furnace chamber, and the flames and hot gases 
are carried up the short flue, F, so that they mav strike 
upon and be reflected from the domed roof of the chamber. 
The reason for covering in the space where the pots are 
heated is to prevent the soot and flue dust from falling back 
into the pots. In more modern practice flu* grate is charged 



Fig. .‘II.—Glass furnace (old type). 

A, Furnace chamber; B, flues; C, hood; [), pots; 13, firegrato; 

F, short flue. 

from below, so that the products of each feeding of fuel may 
pass through the mass of heated fuM above it, and smoke he 
thus»minimised. The furnace is fed with small coal, the depth 
of fuel is considerable, and there are air inlets both above and 
below the fuel, so that the grate becomes in effect a producer, 
ana the firing is comparable with that of a furnace fed with 
producer gas. (Many pot furnaces are now fired by producer 
gas and worked in connection with regenerators.) Mechanical 
stoking is advantageous in that it avoids admission of a large 
volume of cold air, such as occurs every time 4 hand fired 
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furnace is stoked; the regularity of heating thus obtained >9 
favourable to the life of the glass-pots, and to the quality of 
the glass. 

In order to avoid the expense involved in the use of numerous 
glass-pots, difficult to build and short of life, and also to facilitate 
continuous working, the Siemens tank furnace is now largely 
adopted. It is shown in Fig. 32. 

In the figure, A is the fireclay tank kept cool as to its walls 
by the circulation of air through the channels, B, B, B, B. 
The regenerators, C c and C c, are worked in pairs as usual 
(see Vol. L), the producer gas being applied to them through 



Fig. 32. —Siemens tank furnace. 

A, Tank; B, B, air channels; Ce, Cc, regenerators; D, D, gas channels; 
d, d , air channels to the regenerators; Ee, Ec, hot gas channels. 


the channels, D, D, and ,the air through the channels, d> d. 
The entrance of the heated gases to the furnace takes place 
through the channels, E e, E e. The charge is introoheed 
through the working door at one end of the furnace, and the 
finished glass is withdrawn at the other end, where ,the 
working platform is situated. To avoid tli£ necessity of 
skimming the whole of the surface of the fused charge, a fire¬ 
clay ring floats on the glass at the door where the molten 
“metal’* is withdrawn; the function of this ring is to pre- 
oerve a clean surface of glass within it, the glass-gall being 
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prevented from entering, while the glass itself flows gradually 
up into the area enclosed by the ring as the upper layer is 
ladled out. The same purpose of freeing the glass from floating 
impurities, and rendering it homogeneous, is served by trans¬ 
verse divisions of the glass tank provided with openings at their 
lower edges, so that the glass first fused at the far end of the 
furnace, where it is hottest, is forced to pass below one or more 
septa, and thus is skimmed and mixed, arriving at tin* cooler 
end uniform in texture and free from glass-gall. The tank can 
also be divided longitudinally, and several kinds of glass worked 
simultaneously in the same furnace. 

These somewhat elaborate precautions tor ensuring mixing 
are necessary with a material like glass, which although it 
fuses at a moderate red heat yet is extremely viscous even at 
the temperature of a steel furnace (say. 1,'»(M► <’. ‘2.7.TJ F.). 

In the case of the older pot furnace, when the pots are in 
work they are quickly charged with alternate layers of cullet 
and the mixtures of raw materials (“tin* hatch”). The quant ity 
of the charge is restricted, so as to prevent the semi-fused mass, 
vesiculate! with SO., or CO.., from frothing over. As the 
mixture melts, a further portion of the charge is added. When 
fusion is complete, decolorising and oxidising agents are add« d (p. 
Ido); a scum of glass-gall collects on the surface, and is skinme d 
from time to time. After this “refining,” tin* melt is sampled, 
when it should he found of good colour, free from lumps of 
unattacked silica, hubbies and stria*. In some twenty four 
hours the glass is ready to he worked, and is hulled out. 

.Recently, an attempt, has been made t.o improve glass after 
the fusion of its raw materials, by passing a stream of oxygen 
into it while in the furnace, with the. double object of meelianical 
agitation and oxidation of residual impurities; a diflieully in 
effecting this luts arisen from the ease with which leading tubes 
of most practicable materials are attacked by the fused glass ; 
platinum cannot he used, as if. lacks rigidity at tin; temperature 
of the glass furnace. 

The electriyal melting of glass has lately received attention. 
In most of the processes proposed, which differ considerably 
in detail, the mixed materials are first fused by the action 
of an electric arc, the fused mass then flowing into a tank, 
where it is heated more strongly hf means of a second current, 
an«i its mixture thus completed. The mass flows into a second 
tank, from which it is removed as required for working. 

Alljihe earlier methods of working glass depend on the use of 
tfie glassblower’s pipe. Thus, in making hollow ware (blown 
bottles and flasks), a mass of “metal” (glass in a plastic state) is 
picked up on the end of an ir # on tube and blown into an elongated 
bulb, the shape of which may be modified by manipulation, or 
by the aid of a mould. For crown glass, a bulb is blown, opened 
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into a goblet shape, and extended to a sheet by rapid rotation. 
For sheet glass, a bulb is blown, rolled to a cylindrical form, cut 
longitudinally, and extended to a flat sheet on a clay plate. By 
more modern processes, in which the glass can be worked in 
large masses at a high temperature, common articles— e.g rough 
tumblers and salt cellars—can be pressed, the operation con¬ 
sisting in dropping plastic glass into metal moulds, and applying 
mechanical pressure. Facility in handling large quantities of 
fully-molten glass has allowed of the manufacture of plate glass 
by casting the fused glass on to a table, constructed of thick 
cast-iron plates arranged to form a horizontal bed, and passing 
a roller over it. A table thus constructed in segments is pre¬ 
ferable to one made of a single plate, because such local arching 
as may arise from irregular expansion is distributed, and is at 
no point so great as would be the case with a single large plate; 
consequently, less waste is encountered in grinding the piate glass 
to a plane surface. Plate glass is ground flat and polished by 
fixing the plato on a bed of plaster of Paris and grinding it by 
means of cast-iron plates carried on arms which revolve on a 
central axis. The first grinding is effected by sand and water, 
and the final surface obtained by emery, rouge, <kc. 

Annealing and “Hardoning” Glass.—All glass, if allowed 
to cool from the plastic state by direct exposure to the ordinary 
temperature, is liable to develop internal strains due to irregular 
solidification and consequent contraction. The strains may be so 
severe as to lead to spontaneous fracture. In consequence of 
this peculiarity, glass articles, from bottles to plate glass, are 
annealed in special ovens, either by passage on travelling bands 
th rough a long flue of gradually diminishing temperature, or by 
exposure while stationary to a temperature, short of fusion, 
which is lowered by degrees. When the cooling of a glass 
article is rapid, but uniform over the surface, the article is 
“toughened” and possesses greater mechanical strength than 
does annealed glass. Such toughened glass is prepared by 
plunging the red-hot goods into an oil-bath, the temperature of 
which varies from 70° to 350° C. = 158° to G62 °)?. Although 
resisting shocks sufficient to break common glass, material pre¬ 
pared in this manner is in a condition of internal strain ; when 
fracture actually occurs at one spot it determines the disintegra¬ 
tion of the whole mass with almost explosive violence. An 
application of the same principle of rapid uniform cooling is 
found in Siemens toughened glass for* street pavement lights, 
and similar purposes, which is made by casting glass into pioulds 
of the same conductivity and heat capacity as the glass itself, 
reheating to the softening point of the glass, and allowing the 
glass and the mould to cool rapidly t together. 

Devitrification of Glass.—The object of ordinary glass 
annealing is to obtain the material free from internal strains, 
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fyut the heating needed to allow of the self adjustment of such 
pre-existing strains must not he so prolonged as to permit that, 
complete re-arrangement of the molecules of the material—viz., 
their orientation into the form of crystals--which indicates a 
state of equilibrium naturally acquired. The production of such 
crystals cafises the glass to become opaque and porcelain-like, 

whence the name of Reaumur’s porcelain for dev it rifled glass.the 

substance having been prepared as a substitute for true porcelain. 
The change is purely physical, no chemical alteration (such as 
loss of alkali) being observed; the glass can be restored to its 
vitreous condition by refusion. 

The influence of rate of cooling on natural mixtures of silicates 
comparable with glass, is similar to that on glass itself. Thus, 
the slowly-cooled rocks, like, granite, contain large crystalline 
individuals; more recent eruptive.rooks, such as lava, are micro¬ 
crystalline, while silicates of the obsidian order, which have been 
verv quickly cooled, closely resemble glass in structure. Granu¬ 
lated blast-furnace slag (Vol. I.) is another instance. 

Typical Composition of Alkali-Limo Glass.- As already 
stated, both soda glass and potash glass (and glasses containing 
both alkalies) are made. There does not appear to he any great 
difference in the properties—«.«/., fusibility—of potash and soda 
glass,* though glasses containing mixtures of the two alkalies in 
equivalent proportions are more fusible than those with either 
alone. 

The following are examples of ordinary glasses of the soda- 
lime class:— 



Soda (Jliiss, 

Cl iinbllHt ion Tlllir 

Soda 


Iticli in Silica. 

Unlit liii.tli Class. 
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:m 
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i l -f) 
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JO* 

! 9-7 

Mg<>, . 


«•:; 

4 o : 

ALU. 4- Ke.Uj, 


0-4 

Mho', . ' .' 


or> 

.... 
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Lead Glass.—This is a potash-fead glass, nearly free from 
foreign constituents, and approximates to a formula ranging 
from K 2 0.Pb0.5Si0 2 to *5K 2 0.7Pb0.3GSi02. Its freedom from 
iron causes it to be colourless ; it exhibits no green tint such as 
^•characteristic of soda-lime glass. It has a considerable lustre, 
due to its higR refractive index, which increases with the con- 

*The refractory character of the “potash” glass, used for combustion 
tubing in the laboratory, appears to be due rather to its higl* content of 
silica than to the nature of the alkali 
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tent of lead. Its comparative softness tits it for the manufacture 
of ornamental cut glass, which is fashioned by pressure against 
a wheel fed with emery, putty powder, <fec. It melts at a lower 
temperature than soda-lime glass and is less easily devitrified. 
A typical mixture for producing lead glass is 300 parts of sand, 
100 of potassium carbonate, IDO of red lead, and 50 bf litharge. 

The ease with which the lead may be 
reduced (communicating a black stain 
to the glass) necessitates the use of a 
covered pot (Fig. 33). Lead glass 
is often termed flint glass, the name 
being especially applied to such as is 
prepared for optical purposes. The 
grades of lead glass richer in lead con¬ 
tain from 40 to DO per cent, of lead 
oxide and are termed strass. Htra.ss 
is used for the manufacture of imita¬ 
tion precious stones on account of its 
Fig. 33.—Pot for lead glass, high refractive index. “Taste” bril- 
liantsare made of lead glass containing 
boric acid, and approach the diamond in lustre. The softness of 
glass rich in lead affords an easy means of distinguishing false 
gems made of this material. 

Colourod and Opal Glass.—Coloured glass is produced by 
the addition of the oxides of heavy metals to ordinary glass 
mixtures, each metal communicating a colour depending on 
its nature and condition of oxidation. The decoration and 
colouring of porcelain are effected by the use of silicate mix¬ 
tures similar to coloured glasses. Some of the more important 
coloured glasses are described below. 

Red glass.— Ruby-red glass is produced by adding about 1 per 
cent, of cupric oxide and 1 per cent, forge-scale (magnetic oxide of 
iron) to the glass (preferably a lead glass) to be coloured. The 
magnetic oxide acts as a reducing agent and causes the formution 
of cuprous oxide, or, in the event of a more powerful reducing 
agent having been used (e.y. t iron filings, tinfoil, tfcc.), of metallic 
copper. The red oxide or metal is soluble in the glass at the 
melting point of the latter, so that on withdrawal from the furnace 
the glass is colourless or slightly tinted with cupric silicates (v.i). 
Separation of the dissolved tapper does not take place when the 
glass is rapidly cooled, but when the period of cooling is prolonged 
by placing the glass in a furnace kept lit the point of incipient 
fusion, separation of an opaque layer of deep red colour takes 
place. Aventurin is a glass of this description containing 3 plr 
cent, and upwards of copper. On account of the opacity of ruby- 
red glass made in this manner, it ip chiefly used for “flashing” 
colourless.glass—that is, applying a layer of the coloured to the 
colourless material. As a rule, the coloured glass is first taken 
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>n to the blower’s pipe and is then dipped into the colourless 
nixture; the glasses must obviously be of similar composition, 
io that they may weld well and their dilatation by heat be 
dentical. 

Ruby gl^ss is also made with gold as a colouring constituent, 
he phenomena of dissolution and slow separation ol the metal 
jeing similar to those observed in the case of copper. The gold 
s applied by wetting the sand (in the glass raw materials) with 
i solution of gold chloride, drying and mixing with the rest of 
;he ingredients. The quantity of gold requisite to product*, the 
jolour is very small, about 1 part in 10,000 sullicing. Other 
metals that are capable of dissolving in and separating iron) 

^lass, are silver and lead, silver giving a yellow colour (»u\), 
md lead a grey stain on cooling. A bluer shade of red than 
either of tin; foregoing is obtained by means of manganese, 
ibout 2 per cent, of MnO„ and 1 per cent, of nitre being added, 
the latte** reagent preventing reduction of the manganese. 

Yellow glass is manufactured by the use of ferric oxide., lead 
mtimonite (yielding a turbid glass), metallic silver and alkali 
mlphides, the latter being made in situ by adding sulphur to 
the charge, if it contain alkali carbonate, or charcoal, if it be 
prepared with alkali sulphate. Uranium glass, made by adding 
1 to 3 per cent, of an alkali uranato, has a green yellow colour 
md is fluorescent. Selenium glass, now made by adding a 
selenite or selenate and a reducing agent to glass, has an orange 
or reddish colour. An orange, colour can also be produced by 
the use of a mixture of ferric oxide and manganese dioxide, the 
yellow-brown caused by the ferric oxide and the red of the 
manganese being its components. 

Green glass, of somewhat dull and impure tint, is yielded by 
ferrous oxide; yellow-green shades are obtained when ferric 
oxide, is also present. Better greens are obtained from a mixture 
of cupric oxide and ferric; oxide. Chromium oxide, Cr.,< >,,, also 
gives a green with a yellow tone, and when used in considerable 
proportion renders the glass opaque; the product being known 
as chrome aventurin. 

A mixture of CuO and Cr.A, gives an emerald green used for 
artificial gems. 

Blue Glass.— The chief colouring rpatter for blue glass is cobalt, 
about 0T per cent, of cobalt oxide sufficing. Cobalt glass is 
prepared in large quantities as a pigment (smalt) (see Yol. 11., 
Chap. XV.). Pale blue glasses may be made with a small pro¬ 
portion of cupric oxide and by the partial oxidation of iron green 
glass. , # . 

Violet glass is made by employing manganese dioxide in con¬ 
siderable quantity, the colour being apparently due to manganic 
silicate, manganous silicate being colourless. • 

Black glass is actually glass containing any strongly colouring 
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oxide, such as that of iron, cobalt, or manganese, and so dark- 
coloured as to appear black. Nickel in the reduced state ill 
glass renders it grey. For the manufacture of very dark glass 
iridium oxide is used. 

Opal Glass.—The general method of preparing opal glass by 
which term is meant glass of semi-transparent milky appearance 
- consists in adding to the glass mixture one of several materials, 
themselves white and opaque, which do not completely dissolve 
in the glass mixture. The oldest form of milk or enamel glass 
is that (usually made with lead glass) containing stannic oxide. 
More recently cryolite, fluor spar and calcium phosphate have 
been used. Translucent, as distinct from transparent, glass can 
also be made by rendering tile surface of ordinary glass matt, 
either by grinding— e.ij., with the sand blast—or by etching 
with gaseous hydrofluoric acid, or by dipping in the same acid 
containing an alkali fluoride. Dilute hydrofluoric acid alone 
etches glass, but leaves it transparent. The effect of fluoride 
in giving a matt surface is due to the formation of an alkali 
silicofluorido which is deposited in fine crystals on the glass. 
Coloured designs are produced by etching or grinding Hashed 
glass.. 

Painting on glass is executed by applying the metallic oxide 
ca))able of yielding the required colour, mixed with strass, to the 
surface to be decorated, and firing in a muffle at a temperature 
sufficient to fuse the easily-melted strass and not the body of the 
article. 

Colouring porcelain is a similar process, the colours being 
mixed with fusible glazes and applied above or below the glaze 
proper (see Porcelain , Vol. II., p. 101). 

Besides the compounds used to produce coloured glasses, 
pigments for porcelain include iridium oxide, platinum and 
uranium oxide for blacks, stannic chromate for pink, barium 
chromate and lead chromate for opaque yellows. Gilding is 
practised by applying precipitated gold, burning on and 
burnishing. 

Special kinds of Glass.—Borate glasses containing B.,0 3 , 
partly replacing Si0. 2 , are made for optical purposes. P.,0 5 is a 
similar substitute for SiO,,; llaO and ZnO may replace GaO, and 
TinO may be used instead of alkali. The chief merit of glasses 
of this description consists in the high refractive indices which 
they possess. Glasses designed to avpid the alteration of the 
zero point of thermometers made from them are characterised 
by containing ZnO and K.O,,. Thus the following is a typical 
glass of this kind—Si0 2 , 52 per cent.; K 2 0, 9 pep oent.; ZnO, 
30 per cent.; B a O s , 9 per cent. 

It has lately been found possible to make small vessels ot 
fused silioa. The silica is fused for this purpose in an oxy- 
hydrogen flame, after it has been previously heated to about 
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J,000°C. and then quenched in water, this treatment removing 
the objectionable properly which crystalline silica possesses of 
splintering when put into a llame. Vessels of fused silica arc 
exceedingly resistant to the action of water and acids, but are 
readily attacked by alkalis. Being free from internal strains 
and having a small coefficient of expansion they can he violently 
heated and cooled without fracture. Fused silica is also pre¬ 
pared in the electric furnace, and by this means it is probable 
th.at vessels of a considerable size may be made. 

Properties of Glass.—The specific gravity varies from - l to 
2*0 for alkali lime glass and to ,TS for lead glass. Thallium 
glass is the heaviest known, having a specific gravity of f» li. 
The index of refraction of glass decreases as its content of silica 
increases, and in general increases with increasing content of 
the lead oxide or other oxide eapablo of replacing lead oxide. 
Although all ordinary glasses appear to be unaffected by water, 
acids (except 1£F), and alkalis, when regarded from the stand¬ 
point. of daily domestic use, yet they are slightly but distinctly 
attacked bv most solutions, and display considerable instability 
and solubility in the laboratory, in general, glasses with a 
high content of silica are less easily attacked than those con¬ 
taining a considerable proportion of alkali — this being in 
accordance with the fact that acid silicates are commonly more 
refractory than those of more basic character. In laboratory 
practice it has been found that glass vessels are rendered more 
resistant to the attack of reagents by exposure to steam for a 
short time. 
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CHAPTER VIII. 

SUGAR AND STARCH. 

SUGAR. —The term sugar is used in two senses. In every-day 
life it means, when employed without epithet, sucrose or 
“cane sugar”; by the chemist it is used generically for a certain 
class of carbohydrates. Adopting for the moment the more 
extended significance, the following sugars may be cited as of 
technical importance:— 

(A.) Sucroses of the general formula 

(1) Sucrose or cane sugar. 

(2) Lactose or milk sugar. 

(U) Maltose. 

(B.) Glucoses of the general formula C (; lf 1 .,0 6 . 

(1) Dextrose or grape sugar. 

(2) Ljevulose or fruit sugar.* 

These two groups are related, in that the members of the first, 
oil hydrolysis, become converted into those of the second, thus— 

c,.n,Ai i ilo (; e ii 13 o e + c g h„o 6 - 

Of these two members of the second group, one is always dex¬ 
trose, while the other varies with the sucrose from which it has 
been obtained— e.y., cane sugar on hydrolysis yields dextrose 
and hevulose, lactose gives dextrose and galactose, and maltose 
forms dextrose. 

(A.) SUCROSES.—1. Sucrose or Cane Sugar, C 12 H 22 0 1 j. 
—This substance—“sugar” in ordinary phraseology—is techni¬ 
cally the most important member of the sugar group. Although 
many other carbohydrates are sweet, the intensity of their 
llavour tails short of that of sucrose.f This fact has naturally 
led to the cultivation of plants producing sucrose rather than 
other sugars, in all cases where the product is required as a 
sweet food. The name “cane sugar” has become usual on 
account of the fact that, until about a hundred years ago, sugar 
was prepared almost exclusively from the sugar cane (Saccha%mn 

* The noinonclaturo of the sugars is in a state of flux, and consequently 
the older and more familiar names havo boon adopted here. In*modern 
phraseology, however, the sucroses aro usually termed disaccharides *or 
jaccharobioses, whilst tho glucosos aro called monosaccharides or monoses. 
Sucrose itself is known as saccharose, dextrose as d-, or dextro-glucose 
[because its solution rotates a ray of pblarised light to the right), and 
iasvulose asfd-fructoso (siuce genetically it is related to d-glucose, although 
it-is laivo-rotary). + Lrevulose is a possible exception. 
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ofRt'inarum). At the present time the term has lost its appro¬ 
priateness, as more that half the world's production of sugar is 
now obtained trom tin* beet (Heta vulgaris). The sugar from 
these sources, when perfectly relined, is identical in all respects, 
though characteristic impurities ditferentiate the raw sugars and 
the lower gtiulos of relined products (v.i.). 

Cano Sugar.—The sugar cane is grown in tropical and sub¬ 
tropical countries, the chief sources of supply being the West 
Indies, Brazil, Argentina, Mauritius, Java, the Philippines. Sand¬ 
wich Islands, and Queensland. The cane grows to a height of 8 
to -0 feet, the stems being 1| to 2| inches in diameter. When 
ripe it contains about i)0 per cent, of its weight, of juice, the 
juice itself containing 12 to 2(1 percent, of sugar. The following 
analysis will serve as an example of a juice of good quality :_ 


Crystnllisabh* sugar. 

I'licrystallisable sugar, 

10 01 

0 20 

Ash, . . . 

og;> 

Water, ....... 

. 70H 

Organic matter other than sugar,. 

. o:>7 


10'‘(10 


After cutting, tin* canes are worked up for sugar as quickly 
as possible, ior delay means loss of sugar by decomposition. In 
the older met hods o! working, which are still largely used, the 
cam- is crushed between rollers, and the juice collected; the 
residue, termed bagasse, is used as fuel; waste is thus occasioned, 
as this residue generally retains a notable amount ( I to h per 
com.) of sugar. Tim juice, after lilt ration, is treated with lime 
(O’lb per cent.) to ncidialise any acidity which may have de¬ 
veloped,* and is also usually treated with S( these additions 
serving to hinder fermentation and consequent loss of sugar. 
It is then heated, to 170' to 180" F. 77" to 82'(1, whereby 
coagulation of the impurities takes place, part appearing as 
scum, which is skimmed oil, and part depositing in the heatino 
vessel. 

Concentration. The clarified juice is then run into evaporating 
pans sot. in series over the line of a furnace. Evaporation is con¬ 
ducted systematically, the weak juice entering the pan furthest 
lrom the tire, and being ladled from p> r u to pan until it reaches 
that nearest the lire, by which time it has arrived at: its point of 
crystal mat ion. The size of the pans is graduated (the smallest 
being at the fire end of the flue), so that their capacity is appro¬ 
priate to;he volume of liquid to be evaporated. The sugar 
having been brought to this point of concentration is separated 
.com the pardon <>f the juice which still remains liquid, either 
by drainage in perforated cask*, or by means of a centrifugal 
machine or hydro-extractor, such as is shown in Fig. 34. • 

* Any excess of lime combines with the sugar to form a “saccbarste.” 

12 
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Thu former method of separation takes weeks to accomplish. 
The juice thus separated is either evaporated again and a second 
crop of crystallised sugar obtained, or it is fermented for the 
preparation of rum. A good deal of juice of this character con¬ 
taining sugar, which is uncrystallisable from the simultaneous 
presence of various impurities, is used for food under the name 
of trmrlr, or molasses. The nature of this product may be 
gathered from the following analysis :— 


Water.26‘87 per cent. 

Sucrose,.41 '01 ,, 

Invert sugar,*.25'50 ,, 

Ash,.3-75 „ 

Organic matter (other than sugar), . 2'97 ,, 


100 00 


It is evident that several improvements in the economy ol the 
process described above are possible. The following have been 



Fig. 34.--Hydro-extractor. 

adopted:—(1) The cost of evaporation has been diminished by 
the use of vacuum pans (see p. 186), and by adopting evapo¬ 
rators of the Wetzel type, in which a revolving frame-work 
of steam-pipes dips into a trough of the juice to be evaporated 
and becomes covered w\th a tilm of liquid; this is evapo¬ 
rated to dryness as the frame-work performs that part of 
its revolution which takes place in air (see Concentration of 
glycerin, Vol. II., Chap. XI.). (2) Centrifugal separators are 

used instead of the method of draining in perforated casks 
described above, and thus a considerable saving of ticie is 
effected. (3) A more radical alteration consists in substituting 
a process of diffusion for that of crushing, for winning the j nice 

• The name given to the mixture of dextrose and lievulose obtained bjr 
U inverting ” sucrose (p. 203). 
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from the cane. This process is similar to that in general use for 
the extraction of beet sugar (</.?•.), and gives an output which is 
stated to be about 15 per cent, higher (reckoned on the total 
sugar in the cane) than that obtained by the older method of 
crushing between rolls. The stouter cell walls of the cane pre¬ 
vent this process being as effective as it is for beet. 

The quality of raw cane sugar varies largely on account of the 
different methods of extraction, clarification and evaporation 
adopted, but a typical sample will contain about 89 per cent, 
of sucrose, 4 per cent, of glucose, -1 per cent, of moisture, 1*5 jut 
cent, of ash, the balance being various organic impurities. The 
method of refining is described below, after the extraction of 
sugar from sources other than the sugar-cane has been dealt 
with. 

Beet Sugar.—The plant used is a variety of the common beet, 
improved by careful cultivation. The cells in the parenchyma of 
t he beet are narrow close tubes, having the usual layer of proto¬ 
plasm adhering to the cell-wall, and containing tho cell-sap which 
is present in such abundance that it constitutes about 9(i per 
cent, of the weight of the root. The sap contains 20 per cent, 
of solid matter in solution, the chief constituent of this being 
sucrose, together with a little raffinose, (J lf .lJ 3a O ie ,Oi1 2 0. Minor 
substances present are albuminous and colouring matters, 
asparagine, bodies belonging to the xanthine group, betaine, 
Cll.J N(OH s ).,]CO.,CH. { —which collects in the residues from ihu 
sugar and is used as a source of trymcthyhimine—glutamine, pre- 
tinous substances, coni ferine—which yields vanillin during the 
treatment of tin* beet juice--and various organic acids ('tartaric, 
malic, ifco.), as well as the usual mineral constituents of plants. 

Extraction.— In manufacturing sugar from beet, the roots are 
freed from dirt, rasped, and the resulting pulp placed in woollen 
bags, and the juice squeezed out by an hydraulic press, the yield 
being about 77 per cent, of juice as compared with 90 per cent., 
the amount contained in the roots. On account of tho cost of 
cartage, the beets grown in outlying holds arc frequently crushed 
between rollers on the spot, and the juice, after treatment with 
about 1 per cent, of lime, is conveyed by pipe-lines to the. central 
factory where it is worked up. This method of extraction is in use 
in France, but in Oermany lias been almost entirely displaced by 
the- diffusion process. In this process the beet is shredded into 
small tlfln strips so as to expose an ample surface to the water 
with which it is subsequently extracted ; these strips or COSettes 
(which are*about J inch in breadth and inch in thickness) 
are brought into contact with water, and the sugar in the beet- 
sap diffuses out through the cell walls while colloid substances 
remain in the cells. Thus, at a single operation, a juice i$ ob¬ 
tained which is less impure than that procured by any process 
of expression in which the cell walls are crushed and broken. 
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It, might be thought that the diffusion process would yield a 
bulky diffusate, the evaporation of which for the recovery ol the 
sugar would be a costly operation ; but this is not the case, as 
the diffusion is curried on systematically, and thus the quantity 
of* water needed is reduced to a reasonable limit. Several forms 
of apparatus for systematic extraction are used in the diffusion 
process, typical examples of which will be described. A commou 
form of diffuser consists of a “ battery ” of cells connected to¬ 
gether so that water can be caused to travel from one to the 
other through the series. The sliced beet is tilled into the cells 
and the water circulated, traversing in its passage; between each 
pair of cells a tubular beater, in which it is warmed to a tempera¬ 
ture ranging from 20° to 90° 0. = C8° to 194°F. It is usual to 
graduate the temperature in the heaters between the cells, it. 
being raised by degrees from the lower to the upper limit quoted 
above in passing through the series of cells. A high temperature 
favours the rapidity of diffusion, but impairs the quality of the 
juice to some extent. When the apparatus is iu regular opera¬ 
tion, the fresh water comes into contact with nearly exhausted 
beet, while the nearly saturated water is used to extract fresh 
beet with its full complement of sugar. Of the whole series of 
cells—commonly 10 to 12 in number—one, containing tlie ex¬ 
tracted beet, is being emptied, while another is being tilled 
with fresh beet, and the remainder present a regular gradation 
of extraction. The quantity of water above that contained in 
the sap of the beet itself is thus kept comparatively small, and 
nevertheless repeated treatment with wash water of decreasing 
content of soluble matter is secured. The cells are generally 
arranged in a circle for convenience of working, and a radial 
spoilt, delivers the sliced beet from a central hopper into any 
desired cell. 

A second form of diffuser may be mentioned as it is an obvious 
extension of the idea underlying the apparatus described above. 
It consists of two co-axial cylinders with a screw-shaped guide 
in the annular space between them. The inner cylinder rotates 
and forces the sliced beet along tin; screw in the annular space, 
causing it to meet a current of water into which the juice 
diffuses. The fresh water meets the exhausted beet, and the 
water rich in sugar (and thus largely deprived of its extractive 
power) makes its exit from the end at which the fresh beet 
enters, both systematic ext raction and continuous working being 
secured. The temperature of the liquid can be regulated by 
the use of steam coils. ' t 

Whichever process of diffusion is used, a good degree of ex¬ 
haustion is obtained, the spent beet containing little or no sugar, 
but sufficient nutriment to make it available as fodder. It.is, 
of course, very wet, about 92 per cent, of its weight consisting 
of water, and is generally pressed and, preferably, dried before 
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it is utilised as loud. Its nutritive value is indicated by the 
following analysis ot‘ the drv material:— 


Water, .... . . 5\‘U per cent. 

Albumin,.7'34 ,. 

I'roteiijgi (as distinct from albumin), . . 104 ,, 

Kal,. . (Hit) 

Starch,.f)(>'ti‘2 

.Non nitrogenous extractive matter, . . ‘J'bo ,, 

Crude lilac, ....... ‘JO'liT ,, 

True ash, . .VIO ,, 

Sami, ........ ()■.*> 1 ,, 


100*00 


The crude juice is lairlv free from suspended matter, hut. is 
nevertheless strained t lirough sieves before defecation. A^jn ihe 
case of juice from the sugar cane, it is necessary to purity beet 
juice, held re. concentration hy treatment, with lime, which neutra¬ 
lises any acid substances which might invert (p. 203) the sucrose 
in the juice. Jn modern practice, enough lime- viz., about 3 per 
cent, of the weight of the beets from which the juice has been 
obtained—-to convert the whole of the sucrose into calcium mono- 
saeeharate hILO) is added, and the saccharatc is 

decomposed immediately it is formed by treatment with 
which is blown into the vessel in which the defecation with lime 
is effected. It appears that the comparatively bulky precipitate 
of calcium carbonate which is thus formed carries down with it 
much of the colouring matter and various impurities, yielding a 
better juice than that obtained by employing a smaller quantity 
of lime, such as would suilice for neutralising the organic acids 
naturally present in the juice. 'The process is carried out in a 
covered tank heated by close steam (to avoid dilution of the 
juice) and provide! with a perforated deli\ery tula* through 
w hich Ctf, can he blown in. The order of operations consists in 
the admission of the juice to be defecated, the addition of lime 
cither as milk of lime or unslaked in small lumps, and heating 
and carbonating the resulting mixture. Kxccss of ( '()., must be 
avoided, as carbonic acid is capable of causing a certain amount 
of inversion (p. 20.‘3)u The ga.-* is, therefore, admitted until the 
alkalinity of the juice corresponds with »t,he presence of about 01 
percent, ol lime. Tocomplete the defecation, the juice after lilt ra¬ 
tion liGm the. sludge (which consists ehielly of calcium carbonate) 
is re-treated with a smaller quantity— e.g. t 0*5 per cent.—of lime, 
and the carbonation repeated ; a liquid approximately neutral is 
t- us obtained. The neutralisation of the lime by CO., is neces¬ 
sary, inasmuch as it would otherwise, on boiling, react with the 
albuminous substances contained in the crude juice, and yield 
soluble decomposition products instead of forming a precipitate 
and freeing the juice from impurities of the albuminous class. 







Washing Filter Pita.—Makers, S. U. Johnson <L Co., Ltd., Shat/ord.) 



CONCENTRATION OF BEET SUQAR. 


183 


The OO a is usually obtained in the form of lime-kiln gases, pro¬ 
duced either in ordinary kilns or in those of the Dietzsch type (see 
Lime ami Cement , Vol. 11., p. 146). The kilns are provided with 
collecting flues, through which the gas is drawn off; it is then 
scrubbed %nd freed from S0 2 * and dust. Where the residues 
from the refining process (molasses) ( v.i.) are fermented for spirit 
manufacture, another source of C0 2 is available (see Brewing and 
Distilling , Vol. II., p. 215), but no application of this fact appears 
to have been made on a manufacturing scale. Seeing that lime 
is needed in any case, C0 2 as a bye-product is inevitable. 

The final removal of the sludge formed during the lime 
purification is effected in filter presses of such construction 
(Fig. 35) that the sludge can be washed and adhering sugar 
recovered. By this means the content of sugar is reduced 
to 2 to 3 per cent, of the weight of the dried sludge, which 
amounts to about 10 per cent, of the beets treated. The 
sludge is composed of about 75 per cent, of calcium carbonate, 
the balance consisting of the calcium salts of the organic acids 
of the juice, small quantities of magnesia and alkalies, and a 
certain amount of insoluble organic matter. As it contains on 
an average 1 to 2 per cent, of P 2 0 5 , 0 3 to 0'5 per cent. N, and 
0'2 to 0*3 per cent. K, it finds a use as a manure. When purifi¬ 
cation in this manner is carefully conducted, the juice is not 
necessarily decolorised by animal charcoal, but in general the 
use of this material is found requisite. The method of treatment 
is similar to that practised in the purification of the refined juice 
after concentration (v.i.). An alternative plan at this stage con¬ 
sists in treatment with sulphur dioxide and filtration through 
sand, which eliminates residual lime as calcium sulphite, and also 
decolorises the liquid. The S0 2 is usually applied by blowing the 
products of combustion from a small kiln burning sulphur into 
the juice, care being taken that the point of neutrality is not 
overstepped. The antiseptic properties of the small quantity of 
sulphite remaining in solution are useful in preventing ferment¬ 
ation of the purified juice. Phosphoric acid has been suggested 
as a precipitant for residual lime, on the ground that it causes a 
better removal of the organic matter (other than sugar) than can be 
effected by C0 2 . The sludge containing calcium phosphate has a 
manorial valuecorresponding with thatof the phosphoric acid used. 

Of late years several other processes have come into use on 
a mdte or less extended scale. Thus, Rauson’s method depends 
on the use of hydrosulphurous acid, H 2 S0 2 , which is produced 
in t the wgar solution itself, by first treating it with S0 2 and 
hen adding a oaste of metallic zinc or, preferably, tin, which 
reduces the sulphurous acid to H. 2 S0 2 . The liquid is warmed, 

* This gas is removed, not on account of ita being objectionable as far as 
the sugar is concerned, but because it attacks the fittings of the pumps 
used to draw it from the kilns. • 
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when the bulk of the tin is thrown down as oxide or sulphide, 
carrying with it most of the impurities. The tin remaining in 
solution is then thrown down with lime. Electrical purification 
of the juice, with or without additional treatment with ozone, 
has also been proposed. A small amount—about 0?5 per cent. 
—of lime is usually added during the electrolysis. It is said 
that the impurities are more thoroughly destroyed if the anode 
is made of some attackable metal, such as zinc. If ozone is 
used, a subsequent treatment with a reducing agent— e.g., S0 2 
—is necessary to prevent loss of sugar by oxidation. 

Concentration. —The juice purified by the methods given 
above is somewhat dilute from the addition to it of the washings 
of the sludge separated by the filter press, and has a specific 
gravity of about 6° Beaume— i.e ., 1’043*—corresponding with a 



Fig. 36.—Multiple effect evaporator. 

A, Inlet pipe; B, tubes; C, cylinder; D, drum; H, chamberj 
F, pipe for exhaust steam; G, box for catching spray. 


content of about 11 per cent, of sugar. It is concentrated in 
“ multiple effect ” evaporators, the principle of which consists in 
the use of the steam from one pan, boiling under a pressure 
somewhat less than that of the atmosphere, to heat the liquid in 
the next pan, boiling under a still smaller pressure. A series 
of three such vessels (triple effect), the contents of which boil 
under continually diminished pressure, is usually found the 
most efficient arrangement, doubtful economy being obtained 
on extending the system to four or more pans. An apparatus of 
recent design, which has found considerable application in sugar 

*The Strength of sugar solution is sometimes stated in “degrees Brix,” 
which are designed to represent the percentage of sugar directly; thus, 
juice of 10° Brix contains 10 per cent, of sugar. 
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concentration, is the Yaryan evaporator, the essential parts of 
which are shown in Fig. ,‘>0. The juice to be concentrated flows 
from the pipe, A, through a series of horizontal tubes, 1», set. in 
a cylinder, 0, serving as a steam jacket. During its passage 
through th#se tubes, its temperature is raised by the heat 
transmitted from the steam through the walls of the tubes, and 
it boils under the diminished pressure, which is maintained by 
an ordinary exhaust pump. The steam and liquid emerge into 
a short, wide drum, D, at one end of the heating cylinder, and 



A, Vacuum pan; B, double bottom ; C, sU'um coil; 1), head; K, valve. 

• 

the steam is drawn off by the pump through the pipe, F, while 
the liquid collects in the chamber, II. Any liquid carried over 
as spray \>y the steam, on account of the tumultuous boiling of 
me juice, is caught in the box, G, in which the stearn is com¬ 
pelled to take a circuitous course, and to pass through narrow 
tubes and passages, and thus to deposit any suspended matter 
which it may contain The liquid separated in this manner is 
returned to H. The exhaust steam from G serves to heat the 




186 


SUGAR AND STARCH. 


liquid in the tubes of the next evaporator, the exhaust steam 
from which in turn heats the third member of the series. The 
diminution of pressure is progressive, as mentioned above; the 
pressure in the last evaporator being as low as can be obtained 
in practice. The advantage of this arrangement is t.(jat the juice 
is never heated to its boiling point under atmospheric pressure, 
and thus loss of sugar by inversion (p. 203) is largely decreased. 
Tin* economy of heating also obtained is considerable, a matter 
of moment, seeing that the quantity of water to be removed is 
very large. A short boiling at atmospheric pressure of tho 
concentrated juice before the crystallisation of the sugar there¬ 
from, is found necessary in order to complete the clarification, 
the low temperature of the. triple effect, apparatus not sufficing 
to coagulate the whole of the impurities removable at this, 
stage. The juice is brought by this process to a concentra¬ 
tion of 20’ to 30* iieaume (specific gravity 116 to T263), and 
contains 35 to 55 per cent, of sugar. Any residual lime is 
removed by addition, of sulphurous acid or phosphoric acid, and 
tin* juice is filtered either in a filter press or through animal 
charcoal. Concentration is then continued in a vacuum pun. 
The older form of this apparatus consists of a globular copper 
vessel, A (Fig. 37), with a double bottom, B, ami a steam 
coil, 0, for beating its contents. The upper part of the 
vessel is fitted with a head like a still, I), connected with an 
exhaust pump, by which means a vacuum is produced and 
maintained in the pan. The juice, when sufficiently concen¬ 
trated, is drawn off through tho valve,E. Cylindrical iron vacuum 
pans are also used in modern practice. In working the vacuum 
pan, the concent rated juice (previously warmed) is run in, and 
steam at 50 to (50 lbs. pressure is admitted to the double bottom 
and coil. The exhaust pump reduces the boiling point of 
the concentrated juice to (50° to 80 J 0. 140° to 176° R, and 

evaporation proceeds until the contents of the pan has readied 
a concentration such that it contains 70 to 90 per cent, of sugar. 
The product is termed massecuite. A juice with but little 
impurity yields a mass of sugar crystals (mixed with syrup) at 
this stage, tho crystals being fine if the concentration has been 
rapidly executed, and coarse if the contrary condition has 
obtained. An impure juice gives a syrup from which crystals 
are deposited only after standing for some time. To facilitate 
crystallisation, the syrup is frequently agitated by mcitns of 
mechanical stirrers. The satisfactory conduct of the concen¬ 
tration requires much personal skill and experience* Lt has 
lately beon pointed out that the use of moderately high 
pressure steam (50 lbs.) is not advantageous, as local over¬ 
heating of tho massecuite may'occur. Steam of low pressure 
(of course, in correspondingly larger amount, involving the 
use of larger heating surfaces) is distinctly preferable. The 
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massecuifce is separated in a centrifugal machine, the crop of 
crystals being termed first jet sugar. Two succeeding crops 
of inferior quality (second and third jet) can be obtained 
by boiling down the mother liquor, the final residue of which 
constitute^ beet molasses; methods of utilising this material aro 
described below. About 70 per cent, of the sugar in the beet is 
obtained crystallised as raw sugar of one or other of these 
grades. 

Utilisation of Uncrystallised Sugar. — The difference 
between the quantity of sugar contained in the bent and 
that obtained as raw sugar, in a saleable condition, by the 
processes described above, amounts to about .80 per cent, of 
the whole. Of this about one-half (15 per cent.) is lost in 
the course of manufacture, and the remaining 15 per cent, is 
left in the molasses separated from the sugar crystals by 
treatment of the boiled-down purified juice in a centrifugal 
machine. The crystallisation of this residual sugar is rendered 
impracticable by the presence of organic substances, other than 
sugar and ot mineral matter. The rallinose (p. 170) present in 
the beet aiso becomes concentrated in the molasses. At one 
time this residue was chiefly utilised for the manufacture of 
spirit, it being unfit for food on account of its nauseous flavour. 
As already stated, cane-sugar molasses is edible. According to 
modern practice, beet molasses is usually worked up for crystal- 
lisable sugar, by one or other of the processes about to bo de¬ 
scribed. Choice between utilisation for sugar or spirit making 
depends largely on the fiscal regulations of the country in which 
the manufactory is situated, this part of the manufacture being 
—as indeed is the whole industry—hedged about by privileges 
and restrictions purely arbitrary in character. The method of 
preparing spirit from molasses differs in no essential respect from 
the processes of fermentation and distillation applied to other 
saccharine materials (see Jir/iviny and DistU.tiny , Vol. II., p. 
804), and needs no further comment. The recovery of crystal- 
lisable sugar, however, is effected by methods of comparative 
complexity. An average sample of beet molasses has the 
following composition:— 


Per rent. 


Sugar. 

500 

Organic matter (other than sugar),* . 

20*0 

Potash, ....... 

5-5 

Mineral matter (other, than potash), . 

4-5 

Water,. 

. 20 0 

• 

100 0 


(1) The Osmose Process. —Ttyis depends upon the fact that when 
molasses is separated from water by an osmotic membrane— e.g. % 

* Containing T9 per cent, of nitrogen. 
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parchment paper—the salts in the molasses diffuse more quickly 
than the sugar into the water; a portion of the sugar left in 
solution can be recovered on evaporation. Some dilution from 
the incoming water takes place under these conditions, hut the 
process lms the advantage of simplicity and of requiring no addi¬ 
tion, other than water, to the molasses to he treated. The organic 
matter (other than sugar; present in the molasses diffuses even 
more slowly than the sugar, and remains in the liquor sent for 
concentration ; its presence hinders the separation of the whole 
of the sugar, and necessitates the return of the molasses produced 
hy concentration and subsequent centrifugal separation, to the 
osmose apparatus. Three osmotic treatments of the same portion 
of molasses are as many as can he profitably performed, about 
half the total sugar in the molasses being thus recovered. The 
process is carried out in an apparatus somewhat resembling a 
filter press in structure, consisting of a series of compartments 
separated hy septa of parchment paper (see Paper and J*<is(aboard, 
Vol. Jl., (’hapter XIV.). The molass<*s is fed into alternate 
compartments, and the water into the intermediate divisions. 
The weak saline solution obtained by the passage of the water 
through the second series of compartments is usually too dilute 
for use save as liquid manure. In France and Belgium, where 
beets yielding much nitrate are grown, the water from the 
osmose process is sometimes worked up for potassium nitrate. 
The residual molasses, though poorer in mineral salts, is richer 
in colloidal organic matter than is the original molasses, and 
generally goes finally to the distillery. 

(2) Proeosses doponding on the Formation of Compounds 
of Sugar with tho Alkaline Earths.—The property possessed 
hy sucrose of forming loose compounds—saccharates—with lime, 
strontia, and baryta is turned to account in various processes 
for the recovery of cry.stallisahle sugar from beet molasses. The 
following are typical methods of this class :— 

(a) The Elution Process.—The molasses is mixed by means of 
an edge-runner with about 25 per cent, of its weight of quick¬ 
lime, hut little reaction occurring as long as the mixture is kept 
cool; on this account the pan of the edge-runner is artificially 
cooled. When incorporation is complete the mass is transferred 
to small iron chambers, yi which its temperature rises spon¬ 
taneously to i00° 0. = 212 w F. or higher, and the sugar combines 
with the lime to form tricalcium saccharate (3CaO, 0 12 HJ,O n , 
311,0), surplus water being expelled and a hard porous mass 
formed. This product is broken up and extracted systemati¬ 
cally with weak alcohol (35 percent.), impurities, being dissolved 
and the calcium saccharate left fairly free from foreign matter. 
The extraction is carried out m an apparatus resembling a 
battery* of diffusion cells (p. 180). The alcoholic extract is 
■distilled and the alcohol recovered, the aqueous residue being 
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used as a manure. The alcohol left clinging to the calcium 
saccharate is removed by steaming and is also recovered. 
During the steaming the tricalcium saccharate is partly 
decomposed, yielding monocalcium saccharate, CjolI.^O^raO, 
H.,0, and # lime. The complete separation of the lime can bo 
effected by treatment with CO.,, but the monocalcium saccharate 
is often substituted for lime, in the early stages of the winning 
of raw sugar, for neutralising the acidity of the diffusion juice 
(p. 181); the acid thus neutralised of course liberates an equivalent 
quantity of sugar which is worked up with the*, bulk. Various 
modifications of the elution process have been devised, differing 
chiefly in the manner in which the calcium saccharate is produced, 
but their underlying principle is identical with that enunciated 
above. Steffen’s process is dist inguished from its congeners by 
the fact that the use of alcohol is dispensed with. The molasses 
is diluted with water until its content of sugar is about 7 per 
cent., and to it quicklime is added in small portions, the total 
quantity being about equal to tbo weight of sugar present. The 
liquor is well stirred during admixture to prevent the temperat uro 
rising above 15° 0. 59’’ F. At first the lime goes into solution, 

but eventually it separates again as tricalcium saccharate accom¬ 
panied by excess of lime. The mass thus obtained is filler-pressed, 
and the saccharate used instead of lime in purif\ ing the erudo 
juice (p. 181). The expressed liquid is utilised as manure and 
the washings are used for diluting the next hatch of molasses. 

(b) Strontia Processes. - Several processes have been devised, 
notably by Scheibler, in which strontia is subst itiited for lime in 
recovering sugar from beet molasses. Tim earlier of the pro¬ 
cesses due to this chemist consists in treating the molasses with 
strontium hydroxide insufficient proportion to torn, distronlium 
saccharate, 2Sr0.C 1;J ll. lv ,O 11 , and u> leave an excess of strontium 
hydroxide, in a Solution of which the saccharate is almost in¬ 
soluble. The precipitate is thrown on a filtering cloth stretched 
over a horizontal semi-cylindrical vessel. The air beneath the 
filtering cloth (which is, of course, supported by a perforated 
plate) is exhausted, and the de-sugared liquid pulled through. 
The distrontium saccharate is washed with a hot solution of 
strontium hydroxide, turned out into iron boxes by inverting 
the filter, and treated with water at it temperature below 15" 0. 
= 59° F.; cold-air chambers are requisite in warm weather for 
this part of the process. . The saccharate is decomposed, giving 
crystals of strontium hydroxide and a solution of sugar, which is 
fn# d fitom residual strontia by treatment with (J0 2 , and concen¬ 
trated in a vacuum pan in the usual way. That part of the 
strontium hydroxide which crystallises is immediately avail¬ 
able for further use, while that precipitated as carbonate is 
causticised by burning in a special kiln (v.i). A nioi'e recent 
modification by Scheibler depends on the formation of mom*- 
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strontium saeeharato, SrO-C 1 ,..! !. • J O ll , when a solution containing 
about 25 per corn, of sugar is treated with strontium hydroxide 
at about 70° 0. -- 1 b-S" F. A slight excess of strontium hydroxide 
is used, and the temperature is maintained above that at which 
the formation of distrontium saccharate takes place* The in¬ 
stability of mono-strontium saccharate is such that the addition 
ol a crystal of strontium hydroxide determines the precipitation 
of the same hydroxide, and that of a crystal of monostrontium 
saccharate causes the latter salt to be thrown down. To the 
liquid is, therefore, first added a crystal of monostrontium 
saccharate, and the precipitate filtered off; the filtrate is boiled 
with strontium hydroxide, yielding distrontium saccharate as a 
precipitate, which is used instead of strontium hydroxide for 
treating a further portion of molasses, another crop of mono¬ 
strontium saccharate being thus obtained. The total yield of 
monostrontium saccharate is decomposed by dissolution in water, 
thorough cooling, and the addition of a crystal of strontium 
hydroxide. The recovered strontium hydroxide can be used 
again in the process; the sugar is freed from remaining strontia 
by means of C0 2 . The filtrate from the distrontium saccharate 
obtained above yields on crystallisation crude strontium hy¬ 
droxide ; residual strontia is recovered as carbonate, and the 
final filtrate contains the impurities of the molasses; it is worked 
up for potash or used as manure. 

The strontium hydroxide used in this process is generally 
prepared in the sugar factory by burning native strontium car¬ 
bonate (strontlanite) to caustic strontia, much in the same wav 
as limestone or chalk is burnt to caustic lime.* A gas furnace 
is preferable for this purpose, as the comparatively costly strontia 
is thus not contaminated with the siliceous ash of solid fuel, and 
.for a like reason the furnace should ho basic-lined (see Vol. 1., 
p. 8). Strontia being a more powerful base than is lime, has a 
stronger tendency to act upon acid materials ( e.t siliceous 
bricks) and also requires a higher temperature for the decom¬ 
position of its carbonate. The strontium carbonate obtained as 
a bye-product in the process for winning crystallisable sugar 
from molasses, is taken from the filter press, moulded into bricks, 
and burnt in the same manner as the native carbonate. The 
caustic strontia is hydrated «aud dissolved in water, the hot solu¬ 
tion, containing about 13 per cent, of SrO, being run off and 
allowed to crystallise, nearly the whole of the strontia being 
deposited in the hydrated state as Sr(0H) 2 .8II 2 0. 

The saccharates formed by the use of baryta instead of rfbronVa 
have also been used for the separation of sugar from molasses; 
the processes thus devised are essentially similar in principle to 
those depending on the formation t>f the corresponding strontia 
compounds. 

* *C<xksline (native strontium sulphate) is also used as a source of strontia. 
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A process invented by Wohl has been tried during the last 
few years, which depends on the fact that lead oxide and basic 
carbonate are both easily soluble in a solution of sucrose 
containing free caustic alkali, but crystallise after a time as 
diplumbic s^ceharate, 21’bO, C 2 .JfooO n , leaving alkali saccliarate 
in solution, the crystallisation being especially rapid if some 
diplumbic saccliarate is brought into contact with the liquid. 
There is, however, a certain amount of dilliculty in subse¬ 
quently removing the lead completely from the sugar, and at 
present the strontia process is used almost universally. 

(3) Processes depending on the Diroct Roraoval of Potash. 
—Several processes of this type have been devised, but only one 
has been practised on any considerable scale. The alum process 
of Duncan and Newlands consists in heating the molasses with 
a strong solution of aluminium sulphate, in such quantity as 
suffices to form alum with the potash salts present. The alum 
is separated, the liquid treated with lime, heated to 100° If. 
= 71° C., and tiltered, the tilt rate containing sugar in a crystal- 
lisable condition. The value of the alum obtained as a bye- 
product is said to cover the cost of the aluminium sulphate 
used. 

Another method of utilising beet molasses consists in ferment¬ 
ing and distilling (as mentioned above), and working up the 
irddues after charring (ScMempekofde) for potash (set? Minor 
Chemical Industries , Vol. 11., Chap. XVIII.). Molasses are also 
used as boiler anti-incrustators, and, mixed with cement and 
sand, for mortar. In addition, molasses form an excellent 
feeding material, and an; for this purpose often absorbed in 
peat. 

Minor Sources of Sugar.- Although by tar the major part 
of the sugar consumed by civilised nations is obtained from the 
sugar cane or the beet, yet there exist several minor sources of 
supply that have a certain local importance. The trade in these 
classes of sugar is so inconsiderable that the preparation is con¬ 
ducted in a crude and simple manner, involving the application 
of no chemical principle other than those already included in tho 
description of the chief sources of sugar. 

Maple Sugar.—This is obtained frqm the juice which flows 
from incisions in the sugar maple (Acer saccharmum). The juice 
is rnefbly boiled down unt\l it solidifies, forming a crude sugar, 
consumed in rural districts in the United States and in Canada. 

Palm sugar is won in a similar manner from the juice of the 
' ite palm (Phoenix sylvestris) and trees of like species. 

Sorghum Sugar.—Extensive experiments have been made in 
the United States on the cultivation of Sorghum saccharaium, 
which is a graminaceous plant, the juice of which contains sugar 
(5 to 10 per cent.). At present the cultivation has practically 
4 
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ceased on account of the fluctuation of the content of sugar, and 
the presence of non-saccharine constituents in the juice winch 
hinder the crystallisation of the sugar. 

Refining Raw Sugar.—A good deal of raw cane sugar— i.e ., 
sugar obtained by simple separation by draining, or by means of 
a centrifugal machine, from the product of the concentration of 
the purified juice—is consumed as “moist sugar” (JDemerara), 
though much that is sold under this title is merely one of the 
lower-grade products of the relining process. Raw beet sugar is 
not fit for food on account of the objectionable flavour possessed 
by its impurities. The process of refining is essentially the same 
for sugar of all sources, although, of course, a raw sugar of fair 
purity is treated more easily than one containing much foreign 
matter. Sugar, when completely refined, as in the case of loaf 
sugar of good quality, is almost pure sucrose, and is of identical 
flavour and sweetening power whatever its origin. The super¬ 
stition that refined beet sugar is inferior in sweetness to cane 
sugar has arisen from the fact that formerly, when beet sugar 
was less completely refined than it is at present, its sweetness 
was diminished and its flavour impaired by the small quantity 
of alkali salts which it contained. Repeated tests have; shown 
that it is impossible to distinguish the source of refined sugar 
by taste. 

Raw sugar varies considerably in composition, but a common 
content of sucrose is 90 to 95 per cent., the balance consisting of 
water, mineral constituents, organic matter other than sugar, 
and a little invert sugar. The system of refining generally 
practised is carried out in the following stages :— 

Dissolution.—The raw sugar is dissolved in water by the aid of 
open or close steam, a solution containing about 50 per cent, of 
sugar and having a tempera tun*, of about 70° 0. — 15.X° F. being 
obtained. When very crude sugars are refined, defecation by 
the addition of blood, ami heating until coagulation of the al¬ 
buminous matter thus introduced occurs, is sometimes necessary. 

Filtration.—The solution, if of beet sugar, may sometimes be 
filtered in a filter press, but if of cam* sugar, usually needs a 
different method of treatment. In this ease it is filtered through 
bags of a cotton fabric (“twill”), arranged in an apparatus known 
as a Taylor filter. This epnsists of a cast-iron box covered with 
a perforated plate, from which depend long, narrow bags of 
hemp. Inside each bag is the filter bag proper, of t\\41I, as 
stated above. The mouth of each twill hag is tied on to a nozzle 
set in one of the perforations of the plate covering tlu* cast-iron 
chamber. This plate forms the bottom of a shadow tank resting 
on the chamber, and serving to distribute the sugar solution to 
the whole of the bags. By menus of the large filtering surface 
exposed by the bags, filtration proceeds at a fair rate in spite of 
the slimy character of the suspended matter in the sugar solu- 
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A process invented by Wohl has been tried during the last 
few years, which depends on the fact that lead oxide and basic 
carbonate are both easily soluble in a solution of sucrose 
containing free caustic alkali, but crystallise after a time as 
diplumbic s^ceharate, 21’bO, C 2 .JfooO n , leaving alkali saccliarate 
in solution, the crystallisation being especially rapid if some 
diplumbic saccliarate is brought into contact with the liquid. 
There is, however, a certain amount of dilliculty in subse¬ 
quently removing the lead completely from the sugar, and at 
present the strontia process is used almost universally. 

(3) Processes depending on the Diroct Roraoval of Potash. 
—Several processes of this type have been devised, but only one 
has been practised on any considerable scale. The alum process 
of Duncan and Newlands consists in heating the molasses with 
a strong solution of aluminium sulphate, in such quantity as 
suffices to form alum with the potash salts present. The alum 
is separated, the liquid treated with lime, heated to 100° If. 
= 71° C., and tiltered, the tilt rate containing sugar in a crystal- 
lisable condition. The value of the alum obtained as a bye- 
product is said to cover the cost of the aluminium sulphate 
used. 

Another method of utilising beet molasses consists in ferment¬ 
ing and distilling (as mentioned above), and working up the 
irddues after charring (ScMempekofde) for potash (set? Minor 
Chemical Industries , Vol. 11., Chap. XVIII.). Molasses are also 
used as boiler anti-incrustators, and, mixed with cement and 
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(5 to 10 per cent.). At present the cultivation has practically 
4 
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cast-iron pipes of ellipitical section, set vertically in groups, and 
healed from below by a furnace. The wet char thus enters at 
the cooler end of tin* pipes, is there dried, and is more strongly 
heate 1 as it descends, finally emerging at the lower and hotter 
<• 11(1 of the pipes into sheet iron cooling pipe's provided with 
valves, so that successive portions of the reburnt char can he 
dropped out. and conveyed to the decolorising towers. After 
repeated re burnings, the char ceases to act elliciently, and is sold 
as manure. 

Evaporation of the Decolorised Liquor. The liquor is boiled 
down in a vacuum pan similar to that used in concentrating 
purified juice for the production of raw sugar. A typical pan 
of the older spheroidal type has been already shown diagram- 
matieally in Fig. 'M. The body of the pan has one or two glazed 
openings, so that the process of concentration can ho watched, 
and a “proof-slick'’ or rod for taking samples without opening 
the pan is also provided. The boiling down is carried on at a 
temperature ranging from 1 -0 1 to 190" K. - 49" to 88° C., 
according to the quality of the sugar In be produced. In 
general the larger the size of the crystals required, the higher 
the temperatures adopted. The advantages of the use of a vacuum 
pan have been already mentioned under concentration of purified 
juice. 

The product from the vacuum pan termed massecuite is run 
into a receiver and transferred to a centrifugal machine in which 
the crystals are freed from adhering syrup. The syrup is worked 
up for a fresh batch of lower grade sugar, and the final liquid 
portion, which fails to yield crystallisable sugar, is sold as treacle. 
The crystals may he sold as such or moulded into cube sugar 
(r.t.). The moist sugar, which is white when separated from the 
massecuite, is often coloured yellow to imitate genuine moist 
sugar, such as Demerara. For this fraudulent purpose artificial 
dyestuffs are freely used. Even in genuine Demerara, steps are 
taken to fix the natural colour by the addition of stannous 
chloride solution to the magma from the vacuum pan; most 
of the tin is drained away with the molasses, but from J to J 
grain of tin per lb. of sugar may remain. 

Preparation for the Markot.—The refined sugar may be 
sold as crystals, or in loaves or cubes. Sugar loaves are prepared 
by running the massecuite into conical moulds, the small end of 
which is somewhat rounded, departing from the shape Of a true 
cone in order to facilitate the removal of the sugar from the 
mould. In the smaller end of the mould is a hole, closed by a 
peg. After filling, the moulds are set, each with its small end 
downwards, and the liquor adhering to the crystals of the 
massecuite is allowed to drai.i away. A layer of sugar at the 
wider end of the mould is removed and made into a magma 
with a nearly saturated solution of refined sugar, and then 
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poured back into the mould. The loose pulpy mass thus forms 
a sort of liIter bed which aids tin* even distribution of tin- .solu¬ 
tion of sugar caused to percolate from the wide to tie* narrow 
end. As the liquor filters through and runs out at the lower 
end, a fresh^ port ion is poured on to the upper end. the operation 
being repeated until all the originally adhering liquor of the 
musseeuite is expelled. The sugar loaf is then allowed to drain, 
removed from the mould, and dried by hot air. Various uther 
methods of making “lump 1 ’ as distinct from “h»al v sugar art! 
in use. Thus, cubes of sugar may be prepared by filling pure 
white crystals of sugar, moistened with a little pure solution of 
sugar, into cubical moulds set in the external surface of a 
rotating drum, and consolidating the mixture by regulated 
pressure. The soft moulded cubes are removed automatically 
and stoved. 

Sugar candy is prepared by simply allowing a solution of 
sugar to crystallise on threads strung in the vessel containing 
the solution. The white variety is pure sugar; tin* yellow or 
brown should be less pure cane sugar, retaining a portion of 
those constituents which give it the pleasant flavour character¬ 
istic of genuine Demorara; refined sugar artificially coloured is, 
however, often substituted. Well-refined white sugar, from 
whatever source and of whatever form it may be, contains 99 8 
to 99*9 per cent, of sucrose; the balance is chiefly water, only 
traces of ash and organic matter other than sucrose being pre¬ 
sent The faint yellowish tint sometimes retained even by well- 
refined sugar is hidden by the addition of a small quantity of 
some blue colouring matter, usually ultramarine. J’ure eano 
sugar has a dextro-rotatory power of f)6-;V. 

9. Lactose or Milk Sugar, 1U).—This may ho 

regarded as a purely pharmaceutical preparation, the manufac¬ 
ture being, of course, insignificant compared with that of sucrose. 
Milk contains about 5 p'*r cent, of milk sugar, which can be 
extracted by the following method The bulk of the fat is 
removed by a separator for butter making, and the “separated ’* 
milk heated to from 75° to 85° 0. = 107° to 18f>° I<\, and treated 
with 10 percent, of milk of lime, whereby the residual fat and 
casein arfe precipitated. Saturation with follows, as in the 
purification of beetroot juice ( v.s .), and the purified liquid is con 
centrated and the milk sugar crystallised. It may be purified 
by dilution in water and precipitation by alcohol. Milk- 
sugar is less soluble than cane sugar, requiring about '» parts 
of cold water. It is dextro-rotatory, the normal rotation 
b : ng*a f , = 52-5. # A recently-prepared solution exhibits the 
phenomenon of bi ; rotation, or of semi-rotation, according to the 
method of its formation; on standing or heating, normal num¬ 
bers are obtained. 

3. Maltose, C 12 H 22 0 u .H 2 0, is prepared commercially in 
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small amount. It is formed by the action of diastase on starch 
(see fireicimj and Distilliwj, Vol. II., p. 212). If required .ap¬ 
proximately pure, it is separated from the mass obtained by 
actin'' upon starch with malt, by extracting with alcohol of 
specific gravity 0820, and allowing the solution to crystallise. 
Tt is slightly sweet, readily soluble in water, and its solution 
has a dextro-rotation of 140°. 

(I?.) GLUCOSES.—1. Doxtroso (grapeHvt/ar), C,.l[,./11.0, 
occurs in the juice of ripe fruits, accompanied by its isomer- 
ide, hevulo.se, and frequently by sucrose. Tim quantity varies 
from 10 to 15 per cent, in grapes to 1 to 4 per cent, in poaches 
and plums. A process invented by Classen for the manufacture 
of dextrose from wood consists in treating wood shavings with 
SO., and water under pressure, but the method has hardly 
passed the experimental stage. Dextrose is very soluble in 
both cold and hot water, in this respect resembling cane sugar. 
It has about two-lifths the sweetening power of cane sugar. 
It has n rotatory power of «„ = 52 and exhibits the pheno¬ 
menon of bi-rotation. On heating to 170° C. - 2o8“ F. it is 
converted into the anhydride glucosan, O 0 II 10 O 5 , the taste of 
which is scarcely sweet. At a higher temperature, 200° to 
220° C. = 482° to 518° F., it yields caramel, much used as a 
colouring material for beer and other liquids. Caramel may 
also be prepared by heating cane sugar. Dextrose was at 
one time prepared from grapes, but now it is made by the 
hydrolysis of starch, the product being called commercially 
starch sugar. 

Starch Sugar {commercial glucose).— The starch, which is usually 
that from potatoes or maize, is made into a cream with cold water, 
and run into boiling dilute sulphuric acid.* Heating is con¬ 
tinued until starch is no longer present, and the hydrolysis is 
considered complete. The main reaction ultimately obtained 
may be represented thus— 

(C fl H I0 O 5 )„ + MH a O = aC 0 H 12 O 6> 

but it happens in stages, and is far more complex than appears 
from this equation.! Smoothness of conversion is favoured by 
using a dilute acid ( e.g ., 0*5 per cent.), but the process is then 
slower than with a mere concentrated solution. A tempera¬ 
ture above 100° 0. hastens the conversion, but involves risk of 
carainelisation. Hydrochloric and oxalic acid may be used as 
inverting agents in place of sulphuric acid, but the last-named 
is generally employed on account of its cheapness anti its„easc of 
removal subsequent to the conversion of the •starch. A process 

* The acid used should be freo fjjom arsenic, as this is liable to pass into 
the sugar. 

t Dextrin is an intermediate product, and a portion is usually present 
in the crude dextrose ultimately obtained. 
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in which the starch is subjected to a preliminary treatment with 
SO., at 70" i \ (158" F.), and then inverted by means of 0-2 per 
cent, of sulphuric acid at 120° C. (248° F.), is said by Classen to 
yield better results than the foregoing. 

After treatment with sulphuric acid, the liquor containing the 
dextrose is neutralised with chalk made into a cream with water, 
the calcium sulphate is separated by means of a filter press,and the 
filtrate decolorised by animal charcoal (p. 193), and concentrated 
in a vacuum pan. Care must be taken to eliminate any traco 
of alkali before concentration, as dextrose, is readily attacked by 
alkaline substances. The starch suuar thus prepared contains 
about 70 per cent, of dextrose, 5 to 10 per cent, of dextrin, and 
1U to 20 per cent, of water ; small quantities of maltose, ash, and 
indeterminate organic matter being also present. For most uses 
to which dextrose is put - as a source of alcohol in beer and 
other fermented liquors—it is not required pure. When pure 
dextrose is required, it has to be crystallised from methyl 
alcohol, as its separation from its mother liquor cannot, be 
edeeted by means of a centrifugal machine in the manner 
adopted for sucrose, the crystallisation of which takes place 
more readily than does that of dextrose. Much crude dextrose 
is used in preparing sweetmeats and factitious honey. Lack ot 
sweetness is compensated for by the addition of saccharine (g.r.f. 
l>extrose is also used for making caramel, which is prepared by 
evaporating a slightly alkaline solution of starch sugar to 
dryness, and heating to 220 (J. -- 518" F., or to a higher tem¬ 
perature when a product soluble in strong alcohol is required, 
as in the colouring of spirits. Beer, vinegar and sauces are 
commonly coloured by carumel obtained at the lower tempera¬ 
ture, as the need for solubility in alcohol docs not then arise. 

2. Loevuloso (fruit sugar), O^TTj.,0,,, is the constant con¬ 
comitant ot dextrose when sucrose is inverted (v.i.) It has 
a rotatory power of a u = - 98’8°, this being greater than that 
of dextrose, and in a contrary direction. Thus, it follows that 
invert sugar consisting of equal parts of dextrose and ltevulo.se is 
hevo-rotatory. Lajvulose is somewhat sweeter than cane sugar. 
It has a small use medicinally for diabetic patients, and is pre¬ 
pared from invert sugar by taking advantage of the fact that 
the compound which it forms with lime, C c H 12 0 6 Ca0.H.,<), is 
sparingly soluble in water, whereas the corresponding derivative 
of dejffrose dissolves readily. It is also formed on the hydrolysis 
of the starch-like carbohydrate inulin , (C 6 H ]0 O ri ) 6 .H 2 O. 

In^rt sugar is prepared from sucrose by subjecting it to 
hydrolysis, the process being termed inversion, inasmuch as the 
dextro-rotation ol the original sugar is changed into a l;r\o- 
rotation which is approximately the algebraical sum of the rota¬ 
tions of dextrose and lajvulose. The hydrolysis of sucrose is 
readily effected by heating with a dilute acid. Even carbonic 
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acid is capable of causing inversion. Invert sugar finds applica¬ 
tion in the preparation of sparkling wines, the after-fermentation 
taking place more easily with if than with sucrose (see Champagne , 
Vol. 11., p. 224). Honey consists essentially of invert sugar, 
though i he nature of tin* saccharine material supplied to the bees 
influences the product. 


STARCH. 

Starch, (0, ; I1 10 O ;) ),|. is a carbohydrate occurring abundantly 
in all plants. I>v far the greater part of the starch grown for 
consumption is used in the form in which it exists in cereals - 
i.e., associated with fat, nitrogenous matter and mineral con¬ 
stituents. A fraction, however, which is absolutely large though 
relatively insignificant, is extracted from starch-hearing plants 
in a state of approximate purity, and used for special purposes 
(y.i.). Starch being a constant product of vegetation, its profit¬ 
able extraction is naturally restricted to the treatment of a 
comparatively few plants exceptionally rich in starch, and yielding 
it. with unusual ease. No rarity compels ils winning from less 
facile sources. The composition of various typical starch yielding 
materials is given in the following table 
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Starch, .... 
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11-<; 
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ioo-o 

1000 

ioo-o 

ioo-o 

Although no chemical dilfcronco, g 

eater than 

can 

be ascribed 


to the influence of accompanying impurities, exists between 
starch of different origins, yet the size and structure of starch 
granules from dissimilar plants tire very various, each being 
characteristic of the source whence the starch has been derived. 
Thus the average diameter of the starch granule of the arrow- 
root is 0*140 mm., whilo that of the starch granule office is 
0 022 mm. The differentiation of starches by size and shape of 
granule belongs to the province of analytical chemistry. 

Manufacture of Starch.—The winning of starch from sfarch- 
be&ring plants is mainly a mechanical process, consisting in com¬ 
minuting the raw material, washing out the starch by suspension 

* When calculated on the substance containing 10 to 12 per cent, of 
water, the content is similar to that of the other materials quoted. 
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in water, and purifying it by levigation. Certain chemical 
principles are, however, involved, neglect of which is greatly 
detrimental to economy of working. 

Potato starch serves as an example of a starch obtained by 
methods almost wholly mechanical. Potatoes are grown f<*r 
starch niakfng on the Continent, especially in Germany. They 
are liable to disease, which greatly diminishes the content, of 
starch, but does not otherwise interfere with starch making, 
and when stored tend to lose starch by vital oxidation, par¬ 
ticularly if sprouting occur. When exposed to frost, a con¬ 
version of starch into sugar takes place, the well-known sweet 
flavour of a frost-bitten potato being due thereto. A rough 
works test of the content of starch is usually made by taking 
the specific gravity of 10 to 12 lbs. of potatoes, the specific 
gravity rising with the percentage of starch present, being about. 
1 OS with 14 per cent, of starch, and 1*11 with 27 per cent. Tin* 
potatoes are well washed, and then pulped in a rasping machine, 
which consists of a rotating horizontal cylinder furnished with 
internal serrated blades, against which the potatoes are prevail. 
It is important that the cells containing tin* starch *-h«>uhl lie 
torn open, as otherwise the starch is not extracted in the subse¬ 
quent. processes. Even with the, best modern raspers a l*is> .»f 
20 to 25 per cent, of the starch is usually incurred. (A purl ion 
of this retained starch may he recovered by a second rasping 
process, or by grinding the rasped product after the bulk of tlm 
starch has been removed.) Tho pulp is washed upon brass or 
phosphor bronze wire sieves, and the starch is carried nil' in 
suspension in the water, the larger fibrous debris of the cells of 
the potato being left on the sieves. The liquid contains in sus¬ 
pension, besides starch, any fine sand from tho potatoes and t he 
finer debris of the potato cells, and in solution, salts, albuminous 
ami non-nitrogenous extractive matter. It is run into collecting 
vats, well stirred, and run off, leaving the sand; thence it. 
passes to settlers, in which it is allowed to remain for some 
hours. Separation of the starch may be effected more rapidly 
by running the liquid over cloths, from beneath which the air 
is exhausted. After the water lias run through and off the 
filter, the layer of starch on it may be dried by continuing the 
suction. The layer first deposited is nearly pure starch, while 
upper and later layers contain such fibrous organic matter as 
has passed through the sieves during the washing of the pulp. 
The lower layer is white, whilst the upper is greyish in tint 
and can scraped off and rewashed. Separation is better 
. Fecfed by centrifugal machines, which both drain the water off 
and segregate th£ starch and fibre in the mariner of an ordinary 
centrifugal separator. The “green’’ starch, in the form of a 
slurry or paste, containing from 25 to 50 per cent, of water, 
according to the method of separation employed, is dried, 
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first at a low temperature to prevent its gelatinisation, and 
finally at CO" to 70° O. -- 140° to 138“ F. As put on tin 
market in an air-dried state it contains 10 to IS per cent, o; 
water. 

A large proportion of commercial potato starch is not dried 
but used at once in tin* “green ” state for conversion into stare! 
sugar bv hydrolysis, in tin* manner described above (see Sfutvl 
Sugar , Vol. II., p. 10G). The residue left from tin* ext.iact.ioi 
of the starch still contains about GG per cent, of its total drv 
weight of starch, together with small quantities of nil iugem>u.* 
matter, and serves as a fodder of indifferent quality. The wnfei 
from which tin* starch has been deposited in the washing pn»e. s- 
contains a trifling amount of mineral manurial constituents, Midi 
as potash and phosphoric acid, and some nitrogenous mailer: it 
may. therefore, he utilised where irrigation is practicable. 

Diseased potatoes are sometimes worked up for I hi i r starvh 
by being subjected to a preliminary process of ferimnta?ion. 
similar to that described below for the production of uhe.it 
starch ('/.?••). 

Wheat Starch. Starch may he prepared from wheat, eiilmr 
by opening up the grains of wheat by a spontaneous femieutat i\■ 
or put relactive act ion, or by simple washing aided by treatment 
with caustic soda. According to the first method, ihewhe.it i- 
allowed to swell in water and is then crushed in bags, the siaivh 
being thus extruded ami carried away bv a stream of water. 
The water, containing starch in suspension, is run into tank':, 
where it remains fora fortnight or t hree w ei ks, during w lii-h 
time fermentation sets in at the expense of tlm gluten, whh-h 
has accompanied the .starch when it was first washed o n of tin 
grain. If the fenuentat ion he emit rolled so that the put ref;u-t iw 
stage is not reached, the starch is but litth* affected. and can lx 
separated and purified from gluten by systematic wadiiug. in tin 
manner already described for potato starch. The green s'arch 
is removed and dried in the usual manner. 

Fermentation for removing the gluten can he dispensed with 
by using as a solvent for the gluten caustic soda of speeitn 
gravity pnIG, in such quantity as to keep tin? liquid aiway.« 
slightly alkaline. That portion of the gluten which is not dis 
solved by the caustic soda is removed by a line-meshed sieve 
while the portion in solution is washed away or precipitat-xl a> 
<lescrihcd under Hicr tfnrch. 'flu* yield of starch of good yialiu 
is liigher than that obtained in the more primitive processes 
'i’he irregular sticks, roughly rectangular in section, which art 
generally preferred by the domestic consumer of starch, can Ik 
prepared by tightly wrapping a moist cake of starch in paper anti 
drying the confined mass. Contraction sets in with approximate 
regularity, yielding sticks of the form familiar in the laundry. 

Rice Starch.—The rice plant (Oryza sutic-t) may contain at 



much as 80 per cent, of starch, ami is thus a richer raw mnu< 
than are potatoes or wheat, but on account of tho refract 
character of the gluten associated with the starch, the st:i 
granules must be liberated by treatment with a dilute alku 
solution. JJ ill ess tho solution be kept weak, gelatinisai 
of the starch may occur, and acitls are inconvenient 
opening up the grain, as their use makes that of m 
machinery and fittings unsuitable. The raw material used 
tin* manufacture of rice starch generally consists of the \v« 
and broken grains obtained as a bye-product in dressing rice 
consumption as a food. Typical materia! of this class cents 
about 12 per cent, of water, 70 per cent, of starch, 9 per cent 
albuminous matter, and small quantities of fat, crude fibre, : 
and carbohydrates other than starch itself. This materia 
placed in tanks provided with perforated false bottoms, ; 
treated with caustic soda of about 1 per cent, strength, 
liquor is run off after about eighteen hours, and the rice ag 
treated with a fresh portion of caustic soda solution fora, furt 
period of twelve hours. It is then ground to the utmost poss 
fineness, tile mass being ground while wet with the same, dii 
caustic soda solution. Tin* milky liquid is then passed thro 
sieves which retain a good deal of the. swollen gluten, ami af 
wards run into ta.iks and allowed to settle, the starch lx 
ultimately washed in a manner similar to that adopted v 
other raw materials (/>.#.). The gluten contained in the wash 
waters can be precipitated by acidifying them, and used n 
fodder. 

Maize Starch.- According to Archhold an average sampl 
maize contains 11 per cent, of water, f>f> per cent, of starch 
per cent, of w’oody blue, 8 per cent, of albuminous matter, si 
quantities of carbohydrates other than starch, and nearly •> 
cent, offal, and an equal quantity of ash. Tho large proper! 
of lion-starchy materials, notably fat. and gluten, renders 
process of extraction of the starch somewhat complex, 
manufacture is chiefly conducted in the United States, 
process in use being known us the “sweet” process, tho phi 
thus differentiating it from the fermentative process for wli 
which is “sour.” The preliminary treatment of the grain 
eludes the removal of the germ, which is of considerable t 
and disproportionately rich in fat. The maize is steeped 
soft \fHter for about a week, until, indeed, incipient putretaci 
occurs, and the maize is suHicie.ntly soft to grind. At this si 
sulphuretted hydrogen is evolved from the maize, and in ui 
to avoid this unpleasant product the steeping process is so 
times expedited by working at as high a temperature as 140 
— 00° C., and allowing a continuous flow of water to pass thro 
the softening tanks. A large quantity of matter is thus dissol 
and is generally run away as waste. The softened grain is fii 



202 


SUGAR AVD KTAROTl. 


ground. and tin* starch separated from the residual glulcii and 
woody libre by pas-aye through sieves. The starch pass ini' in 
suspension through tlic.-e sii-vi s is run into a vat, allowed to 
set.Hr. and treated with caustic soda in dilute solution. Some 
of the gluten is by this means dissolved, while another portion 
is precipitated, lhe starch being treed from both by the usual 

j.fu-... of subsidence and (dut rial ion. Oaiv has to he taken 

to keep the liipiid in the settling vats cooled, lest lennentaii<in 
set in. The starch is finally allowed lo settie, and is dried in tin; 
manner already mentioned. 

\ arioii.s .'tarehes are prepared for eating from special plants, 
sueli as the arrowroot {Mttnntht iiniiitfinnwnY the root known as 
Cii:-:snva or manioc, ami the pith of various palms, the linished 
product of whieh is known as SilgO. Save for greater cate in 
preparation, d< -igned pariiciilarly to obtain a wliite product, the 
j !• i arai ion *»f t hese eoihle starches dillers in no essential iv-pecl 
from that- of I hose which have been already dealt with. It has 
aUo i.ecn propos-'d to maiiiilaet tin* starch from lmr-eche.-i mil 

The slight !y vellow t int of ordinary starch is generally hidden 
by the addition o! a small quantity of a blue colouring mailer, 
sucii as nitramarine. ()ec;isionall\ the starch is decolori-ed bv 
treatment with ehlorine, or a solution of chlorine in dilute 
nitric acid. Th ■ u.-es of starch may be divided into two 
classes. The lirxi class include.-, ali those uses which depend 
upon its eiiemieal status as a carbohydrate. The preparation ot 
star-li Migar. and lie- consumption of starch as a food are Tin- 
chief examples of this class. The second main class of u-e< to 
which starch is put, depends upon the fact. that, starch pro¬ 
ducts arc preeminently colloidal, their solutions having a high 
viscosity and considerable adhesiveness. These ijualitics are 
taken advantage of in the dressing of textile material.-, and 
in thickening colouring matters for calico piitit.iriir. Starch 
itself is incapable of acting as a stillbning or glutinous ma¬ 
terial. because it is perfectly insoluble in water or any other 
solvent. When heated with water, however, tho staieh granules 
swell and viehl a gelatinous mass known as starch paste. V 
small (plant ity of starch thus heated to the point at which tiie 
sw elling of the granules occurs, is capable of forming a coherent 
jellv with a large ipiantity of water, (lie phenomenon being 
apparent iy identical with' that observed in the case of gelatin. 

Soluble Starch.—When starch is heated with about *H) per 
cent, of a I per cent, solution of an organic acid like acetic acid 
at about 120" (\, the granules are swollen, and a partial hydro¬ 
lysis appears to occur, rendering the starch capable of dissolving 
in hot water to a Miiulion which does not gelatinise on cooling, 
at all events for a time. Recently it has been found that by 
heating starch with .about 10 per cent, of glacial acetic acid at 
about fH)' (\ for a short time, the grains do not swell and the 
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starch is not altered in appearance, hut becomes soluble in In*: 
water to a solution which on evaporation leave*, a film of stair!: 
resembling a gelatin iilm in transparency and llcxibibty, and 
thus particularly suitahle. as a glaze insoluble in cold water. 

Dextrin <$• Dextrine {/iritis yum ).—The term dextrin is ap¬ 
plied somewhat loosely to the earlier products of the hydrolysis 
of starch. The sugar yielded l>y the action of diastase on starch 
is maltose (p. l!M>), and at one time dextrin was supposed to be a 
single substance, intermediate in composition and chemical locus 
between starch and maltose. It, is now, however, generally con¬ 
ceded that dextrin and maltose ;ire produced concomitant ly from 
tin* hydrolysis of starch, and that, at least, two dexlrins are to 
he (list inguished ; tinware characterised by their behaviour with 
iodine, one giving no colouration, while the product of the other 
is red (see further, p. 212). (‘ommer.-iall* ylextrins are not 

classified in this manner, hut are dill’ n tinted bv their 
respective methods of preparation. 'Pile f ; t method of munu- 
facture consists in roasting dry star# i at a temperature 
of 220’ to 250’’ 0. 12*' to b s 2" F. either over a direct, 
fir<-, or, better, in an oil bath, or by superheated steam. 
Revolving roasters ,ve often use<l. The process is eontiimed 
until the standi has acquired ;i brownish colour and has become 
soluble in water. The sei.uid method is carried out. by moisten¬ 
ing the. starch with about 1 percent, of hydrochloric or nitric 
a-'id, and slowly heating it in open dishes until a temperature of 
ibom lbb° ('. 212’ F. has been reached, and the acid has been 

evaporated. The sugar accompanying dextrin made by the u-e 
ot an arid is dextrose. I>e\trin made in this manner is lighter 
in colour than that obtained by direct roasting, and is thus 
better fitted for certain uses. On the other hand, any residual 
trace of acid is an objection for many purposes. A special 
grade of dextrin of light colour, and having the translucent 
appearance of gum arabi,, is also manufactured as a substitute 
for natural gutn. 

-Dextrin is chiefly employed for purposes in which its vis¬ 
cosity and adhesiveness are of value—/v/., as a gum substitute 
(mentioned above), tor stiffening textile materials, for giviie# a 
gloss to paper and cardboard, and producing a “head” on beer 
and aerated liquids. 
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BREWING AND DISTILLING. 

I. FERMENTATION. General Principles.--The term for 
mentation originally meant an appearance <>f boiling due to tin* 
escape of gas from a li'juid, but it has acquired a wider sig¬ 
nificance, and includes the various chemical changes induced 
by i In* presence of some nitrogen*ms organic product or micro¬ 
organism, which is called a ferment. This class of chemical 
change is osmmiI ially characterised by the fact that a very large 
amount, of material is a fleeted by an inconsiderable ijiiantity <»t 
tin* lerment. lo rments are divided into two classes, unorganised 
ferments or enzymes and organised ferments. The former arc 
definite chemical compounds, of the character of albuminoids, 
and are not living organisms; the changes they produce are 
often cases of hydrolysis, which is also brought about, by such 
agents as dilute acids 

An instance el the action of an enzyme is afforded by the 
conversion of cane sugar ( which rotates tin* plane of polarisation 
to the right), by means of the enzyme invertasc, into a mixture 
of deal rose and hevulose (which turns the plane of polarisation 
to the left), the process being accompanied by the assimilation 
of water {//}i'/r<>h/.'iifi, p. 1U7 >. 

In the case of the organised ferments, the change produced 
is closely connected with the life of the organism, since it. coaxes 
when the organism no longer multiplies in the fermenting mass, 
liceent researches render it probable that the direct cause of 
tin* change is an enzyme formed in the* living cell, and not. as 
was formerly supposed, some strictly biological function. Thus 
yeast or saccharomycetcs, which is a typical example of tin- 
organised ferments, has.been shown by lluchner to contain an 
enzyme, zymase. Although zymase has not yet been obtained 
in the pure state, it may be oxlracistl from the yeast celts after 
these have been definitely killed, and is then still capable of 
producing alcoholic fermentation. The ordinary organised fer¬ 
ments are generally classified into monH s or jungi, and 
schizomycetes or bacteria. The effect of the first, of these is 
illustrated by the fermentation* of alcohol into acetic acid in the 
brewing of vinegar, that, of the second by the fermentation of 
milk sugar into lactic acid (</.v.). It must be understood that 
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the very large variety of organised ferments renders it difficult 
to identify any one species with any particular fermentation, 
several being usually present in any fermentable liquid. More¬ 
over, inasmuch as these microscopic organismsean In* transmitted 
in the tloarjng dust of the air, a fermenting liquid containing a 
single kind speedily becomes contaminated with others, unless 
the air having access to it be filtered, (’ertain organised fer¬ 
ments flourish in air and are killed by its exclusion; they are, 
in consequence, called anrofhc, while others having the re verso 
properties are termed inuicruhic. This question belongs to the 
domain of biology rather than to that of chemistry. 

II. BEER. -Beer may be considered as a dilute solution of 
aleohol and albuminous mat ter, obtained by the action of yeast on 
saeebarine material, llavoured by an innocuous bitter principle. 

(A.) RAW MATERIALS.— 1. Amylacoous and Sacchar¬ 
ine Mattor. - Beer was originally made by malting barley and 
fermenting its aqueous extract. The substance in barley capable 
of yielding alcohol is starch, which, however, is not. directly 
fermentable, blit lias to be converted into sugar; this is elleeted 
by malting. When ibis fact; was fully realise!, it became cus¬ 
tomary to economise barley by substituting sugar from other 
sources. Moreover, inasmuch as more of the active principle 
(diastase) which converts the starch into sugar, is produced 
during malting than is necessary for the conversion of the starch 
in the barley itself, more amylaceous matter may be added in 
the form of unlimited barley, and thus part of the expense of 
malting saved. Consequently, brewing no longer consists merely 
in fermenting the aqueous extract of malt. 

Malt.— For satisfactory malting a well-developed barley is 
essential, as only such lias a high content of starch, and will ger¬ 
minate well. Good barley has the following characteristics: — 
It is light-yellow'in colour, the grains are dry, even in size and 
have thin husks, and it. : s free from bacteria and moulds. 

Malting is generally carried out as a separate trade from 
brewing, and consists of the following main processes:-— 
(1) Steeping.—The barley is slowly run into a cistern of iron or 
cement filled with wafer, which must be clean and free from 
organic impurity ; the sound grains sink to the bottom, while 
the unsound grains (together with dirt and dust) can be skimmed 
off the surface and used as cattle food. The water is changed 
every twelve to twenty-four hours, the process lasting altogether 
forty to seventy hours. This treatment is sometimes varied by 
systematically exposing the bailey to the air, with occasional 
turning over, for several hours between the different treatments 
with water. Incipient germination appears to take place 
during the exposure to air. TJhe object of the process is to 
supply sullicient water for the subsequent germination. Fre¬ 
quently the barley, when taken out of steep, is placed in a couch 
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or heap to k< op in the heat of ir»*rn»in:Hion, and thus aid the 
proeo.ss. (2) Flooring.— I in* si■ j»f•«! grain is spread on tno 
limiting Hour, which is preferably of coiicreic, to a depth of’ to 
12 inches, a.-eonling to i li«* temperature, which sliouid not 
exceed 12 •> I l\ On this account making is dilli -uk to 

]ira< t.ise in the summer. 

After tin■ iirM t weuty-fnur hours t ho grain is "ploughed," or 
1 timed o\rr. twice a day for two or three days. Wlu-n the 
aero spilt* or plumule of the ura in has "town to a length of about 
t iiree quart* rs of the length of the lira in itself. the rootlet is 
about twice the length of tin* grain. and the grain itself has 
attained a proper degree of “mealiness.” this portion of tin* 
process is completed. During this operation, the grain is k.q>t 
moist by periodieal sprinklings with water. 

An improved method of malting is that known as pneumatic 
malting, inasmuch as hotter control over the supply of air and 
moisture to the germinating grain is afforded. On the Suladiu 
system, which may he taken as typical, the steeped hariey N run 
into rectangular iron germinating cases with perforated false 
bottoms, where it is allowed to heat as in a couch. W hen it is 
desirable to cheek the heating, air which has been forced over 
cylinders that- are kept wet is driven under the false bottom. 
Oxygon is thus supplied to the grain, carbon dioxide (a product 
of the vital processes) is removed, and tin* temperature is regul¬ 
ated. Subsequently, the grain is stirred bv meaps of agitators. 
When germination Inis reached the proper point, the grain is 
elevated to the malt kiln. (.‘1; Drying.- The germinated hariey is 
called green malt, and contains the maximum amount of diastase, 
so that, if this alone were needed the grain would he ready for the 
hrewer ; hut a desiccation at. si high temperature is essential, both 
for arresting the germination and for killing any mould or fungoid 
growths that may have appeared, and also for developing certain 
changes which impart flavour to tin* resulting beer. I tried malt 
can also be stored, and is more easily ground than green malt. 
The temperature of the drying kiln determines whether the malt 
shall be “pale,” “medium,” or “ high-dried,” each kind being 
u*od according to the class of beer to be produced. Dark beers 
such as stout are, however, frequently brewed from pale or 
medium malts, the colour being due to the addition of cara¬ 
melised sugar. The malt is spread out to a depth of ^ to It) 
inches on the floor, which consists of a series «>f pei Araied 
earthenware plates built in a kiln of square section, and heated 
by a number of baskets of live coke suspended beneath. The 
coke used should be substantially free from arsenic, as, if tnis is 
present, a portion is sublimed, deposited on the malt, and 
eventually is found in the beer., Each kiln may contain several 
floors, two being a usual number, and the malt is loaded first 
on to the top floor, where it is dried at 120° F. = 4D" C. until 
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funip 00 per cent. of iIn* moisture is "diip. then dropped through 
(>n t<> the lower floor, where it is dried at 1N>' to l'.*0 h\ v lT 
to ■'\S J C. This applies to pale malts. Medium and high dried 
malts ar* 1 thiished at litto L^K) 0 |<\ •• ‘I‘5° 10 llO (’ .1) 
Screening. Tiie rootlets of the dried malt are remove.! hv 
being trodden by men, and subsequent ly passed over a ••water¬ 
fall'’ malt screen, which also removes dust. The finished malt, 
is stored in bins, dm* attention being paid to the exclusion of 
moisture. Malt which has absorbed water, or become “slack,” 
yields an unsatisfactory beer, and is generally redried before use. 

The chemistry of the production of green malt resol\ es itself 
into the chemistry of germinal ion. The proximate constituents 
of barley are—f 1) Water; (”) carbohydrates.'* including starch 
as the main constituent (3'd to A7 per cent), dextrin, a .-amylan 
(J to 1 per cent.), gum (,‘f per emit.), cane sugar (l'h ]>er cent.), 
extractives soluble in water, and cellulose, tin 1 largest con¬ 
stituent of tin* woody fibre; (.”>) fat; (1) albuminoids, including 
mucedin, fibrin, casein, and albumin, together with the ferment 
diastase; (;>), ash, consisting of the bases potash, soda, lime, 
magnesia, ferric oxide, and the acid-radicle; of phosphoric, 
sulphuric, silicic acids, and chlorine. The proportion of these 
constituents are shown by the following analysis of barley, 
beside which is given one of pale malt:— 

Harley. Mill 

Per .■cut. J Per .■••in. 

n *(»;"> | ;Vs:t 

oa-t>i>+ I 

7 * 01 # | 11 :*7 

; I 

lo-f.s ’ i;:o«) 

•J o7 ! J lid 

loo-oo itmu 


Barley for brewing should be rich in carbohydrates and poor 
in albuminoids, of which a fine malting barley should not. contain 
more than 8 to 1) per cent. The germination of barley produces 
a change in tin* nature of the albuminoids and a consequent 
change in the carbohydrates. The diastase naturally present 
in ha»ley differs from that produced from the albuminoids 
during germination in that it cannot liquefy starch paste, but 

* These include oarhrjhvdrates of the ponteso type—general formula 
<’-Hor some rultiple of this. These bodies are not fermentable by 
and to a large extent remain in the “brewer’s grains” (r/.c.). 

+ Mainly starch. , > 

t About one-third of this is fermentable sugar. 



Water, 

i (’arbohyd rates, 
Woody libre, . 
j fat, . . 

1 Albuminoids, 

' Ash, 
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it resembles the latter in respect of its power to convert 
starch, which has been already liquefied or rendered soluble, 
into maltose and dextrin. The diastase of malt is thus of two 
kinds, that which existed in the barley and that produced by 
•Termination, and it is the production of the hitter which is 
the object of maltin',', for it is able to transforni the starch 
directly into maltose and dextrin. The nature of the change 
that produces this substance is not well understood. The 
quantity produced is relatively small—about, 2 per cent.—and 
is measured by the “diastatic power” of a waierv extract of 
the malt. l»y this term is meant, the amount, of maltose pro¬ 
duced by the action of the mall ex I met: on standi, this being 
liuMsured by the reducing eib-et of the result ini; solution upon 
Folding solution (an alkaline solution of eupric tarfrate/. Tint.-, 

I h.* diaslatie power of a malt extract is .-aid to ..pial to h"> 

when 0-1 e.c. of the extract of 25 ^rnis. of malt in 7>n() ..f 

water converts sufficient starch paste into maltose to reduce 
5 e.c. of Folding solut ion i Lint tier’s standard-. Diastase may In- 
isolated from malt by extraction with 10 to .‘JO per cent, alcohol, 
precipitation of the clear filtrate alter the elapse of eight hours 
with absolute alcohol, dissolution of the precipitate in water and 
re-preeipitation with alcohol. When thus prepared it is a white 
amorphous substance, not perfectly definite in composition, but 
containing approximately— 

(\.4-t\‘W per ami. 


11, 

(Ji»S 

N, 
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mono 


Although diastase forms a small quantity of sugar from standi 
in the grain itself, yet, its chief action occurs in aqueous >oiu- 
tion during mashing (y.r.) The production of “ mealiness M in 
malt, which has been attributed to the change of the starch, 
lias been shown by Drown and Morris to be due to the dis¬ 
appearance of the cell-walls of the starch granules. During 
malting a small portion of the starch is completely burnt to 
II.,() and a rise of temperature resulting. 

Tlie action of diastase is weakened by heating to 65" to 70'C. 
=-- HD" to 15,8" F., or by separation from the grain by treatment 
involving precipitation with alcohol, as described above.- Its 
solutions are partly coagulated at 75“ 0. .-.= ]‘>7° F. (like those 
of albumin), and its activity is diminished. Ids power is not, 
however, wholly removed even by drying at 100’C. - — 12 3 F. 
Antiseptics, such as many metallic salts and bodies like salicylic 
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acid, also restrain it*; action, diastase being similar in this respivi 
to organise t f.*nimnts. 

Malt Adjuncts. As has been already mentioned, the maximum 
etb-i’i. i.'. obtained Iimiii the diastase of malt by causing it !■> 
saccharify oliu r -oarch than that of its parent barley. Sueli are 
tin* starches «»{ ni-irice, and, for “white beer,” wheat. It is 
men* usual to add sugars to the wort (</.?>.), in which they are 
fermented together with the maltose of the malt. Tin* '•uigtis 
g* nerallv emp|..\ed are earn* sugar, invert sugar -whi.-h is m..-* 
1;*.rv ti-*•■<I .»:.d non use. Helmed eane sugar has to he luv.rt.d 
by i :n* yea>t b<mre lerment ation, and t<» a certain extent w« akeus 
tin* yeast, favouring the production of lactic acid, so tbit it i*. 
j<!* , :'eral»le insert t i i. - sugar lirst. t’oneermng the product mu 
■ •t these -ugar* -i-e « 'Inn. \ III. of t his volume. 

2. Hops and Bitter Principles, of these, the Inner pnn 
eipie lit imps I-. i in eliief and only h*gi(imate bit ter used iti «>• • ■ i. 
H"P> are the female llower of the plant, lluimdiix hif -tfm : ilie 
male llnwers being useless, the plant hearing them is mu cadi 
vate.i. Tin* proximate constituents of hops ar* fibrous mau<r 
(woody tiiirej. nitrogenous substances, sugars, gums, bipulin or 
‘’Imp meal." launin, and mineral matter. The constituents iho 
an* .if importance for brewing an* the lupulin and tannin. Tin* 
tornnr is a yellow e.dtious dust, that can he so para! e< I fr-un tin- 
hop dowers by sifting, and consists of glands which contain lie* 
essential oils and bitter principles, such as resinous a.k-doid-.. 
It i> tec.hnie.illy known as “hop llower ’ or “condition.” a ml 
is umhmbtediy the essentially useful portion. In .piautiiv 
it ranm-s from to 17 •> per cent.,, and in the best hop*, 
should approximate to the latter number. The essential ui: 
amount •* to 0*25 to 0 3o per cent., the quantity diniinidiing as 
tin* age of tin* hop.increases. The aroma of the Imp is apparently 
due to these oils. The chief bitter principle of the Imp is tie* 
resinitied product of lupulic acid, Impulie acid is not in im-M 
hitter, but the resins produced by its oxidation have a strong 
bitter ta.-te. This and the other resins which are present .n 
Imps appear to have an antiseptic action which hinders s'-condarv 
tenm ntat tons, and they are thus useful in preserving the l»*er. 

(-one.-mii'g tie* alkaloids hut. little is known; ho peine, choline 
tmd triers of morphine are said to he present. The tannin in 
hops vanes lnun I f) to 5 per cent.; it is doubtless useful in the 
eopp'T t '/.r.) for precipitating albuminous matter. Tin* Imp-, 
alter picking, are dried in a kiln resembling a malt kiln, and 
»’*i*i|u , *!**iv -sulphured” by burning 1 to 2 percent, ofsuiphur 
hi tin* kiln, to Idea; h them should they be of a bad colour. In 
judging such hops allowance must be made for the possible defects 
thus concealed, the colour of the hops being a considerable cri¬ 
terion of their value. Where hops are added to the beer in -ask, 
the sulphur dioxide is liable to become reduced to sulphuretted 

H 
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hydrogen, producing “stench.” The practice of sulphuring 
easily detected by analysis. The sprinkling ol flowers of sulpin 
on l.lie hops during their growth to destroy parasites is le: 
objectionable. 

Hop substitutes are used for the sake of cheapness. TIioj 
couiinonly employed are gentian, camomile, ami quassia. The. 
use is illegitimate. 

Water.—The water used both in the preparation of nia 
ami in actual brewing should be free from contamination wii 
organic matter and from the micro-organisms that occur in in 
pure water. The next most important consideration in regnr 
to the water is the quantity and nature of the mineral matt* 
dissolved in it. When this consists largely of gtpsum (yalciui 
sulphate), the water is well adapted fbr the production of pale ah 
and it is on this account that tin burton water is famous. Tim- 
waters which contain too little gypsum for brewing pale ale ar 
successfully applied for tin: production of mild ah*. Waters cot 
taining no gypsum, but rich in alkali sulphates and carbonate: 
are adapted for producing black beers. The following analvse 
illustrate these differences :— 



Grain.- Ju r Gallon. 
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The mild ale type of water is a fairly common one, so tha 
such beers are hrewad in many districts. The London deep-wel 
water is of the third type, and produces good black beers : bu 
since the knowledge of the characteristics necessary in water 
for definite beers has been acquired, the waters of the secom 
and third type have been transformed into waters of the firs 
class by the addition of the requisite amount of gVpsim. T 
change waters of the third type into those of the second, gypsun 
und kainit* are added. To produce water of the first class fron 
a neutral water (one containing no sodium carbonate), it is on); 

* A mineral composed of potassium sulphate, magnesium sulphate, nia^ 
ncsium chloride, und water, frequently mixed with sodium chloride. 
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ii*v>'S<:irv to add calcium sulphate to the water (“l>urt«mi-ill^:“ 
whit’li can In* conveniently effected by running the water through 
a wooden vat provided with a ha!se bottom anil packed with smnil 
lumps of gypsum, care In-ini' tak«*n that the gypsum diss<>!\<d by 
the w ater shall be regular in amount. It. h frequent ly nreos.irv to 
add more magnesium sulphate and calcium chloride. In treating 
a water of class three, the alkaline carbonates must be removed 
by the addition of calcium chloride, which forms calcium car¬ 
bonate and sodium chloride. The subsequent treatment is the 
same as for class two. The influence of the salts dissolved in a 
water in the brewing process will be referred to on p. L'l-T 

4. Yeast.—This is more conveniently dealt- with mi h r ’in* 
head of processes of beer manufacture (see aho rm‘ 

Yol. IT, p. 201). 

(IT) PROCESSES.—1. Mashing.- The first step in the 
preparation of a beer is the production of the liquor to be fer¬ 
mented, called the WOl't. For this purpose tin* malt is lir-t. 
ground between smooth steel rollers, the object- being to crush but. 
not to powder the grain, so that the meal may 1 m* readily sepa¬ 
rated from the husk. The ground malt or grist falls from tin* 
rollers into a grist; case, traversing in its passage a magnetic 
separator, which removes put tides of iron incidentally present. 
The grist then falL into a cylindrical vessel set horizontally, 
wdiere it meets the water previously heated to lGtf to 17<T’ F. 
= 71* to 77° 0., and is thoroughly mixed with the water by 
means of an agitator consisting of a horizontal shaft carrying 
spokes which just clear flic walls of the cylinder. This apparatus 
is know'll as a Steel’s masher. From this vessel the mult passes 
to the mash tun, which may be 18 feet in diameter by N feet 
deep, and may serve for the mashing of 100 quarters of malt : it 
is an oaken vessel provided with a perforated false bottom and 
with a vertical shaft actuating arms carrying rakes which kei p tho 
contents of the tun in motion. The same shaft serves to carry 
the sparger, which consists of a set of perforated radial arms 
through which water is supplied for washing the malt (sparging). 
Tie- mash tun is fitted with “underlets” for the ndmis.-don *»f 
water below the false bottom. A number of draw-off pipe** an* 
also proxidid. When all the, grist has entered the tun, tho 
[■•■sidm from the Steel’s masher is washed* into the tun, and tie* 
temperature of tin* mash ascertained. Should this be below I 10’ 
F. GO ^..hoi water is int rod .iced through the underlet to bring 
it to between MO* to lot) F. GO’ to GG ('. The tun is enw-n d, 
and t!i“ mas.i allowed to stand for about two hours. Should tier 
• larch of »lm mall be ditlicult to liquefy and saccbarifv, a second 
mashing is made by the admission of fresh water through fin* 
underlet. The wort is drawn off almost, completely, and tin* 
exhaustion of tin- malt finished by sparging with hot wat* r 
through the pipes referred to above. This proce.-* is continu' d 
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until the specific gravity of the wort is 1-005. According to the 
practice of many Continental breweries, a portion of the malt is 
hoiled with water and returned to the mash tun, this process 
being twice repeated, instead of infusing the malt with hot 
water, as described above, in another process, which is said 
to give good results, the mashing is allowed to proceed for some 
time at a temperature of 55' to 70° C. (151° to 15,s° F.). and 
then about 7<» per cent, of the whole quantity is removed. This 
portion is boiled for a quarter to half an hour and is returned 
to the remaining liquid. The mashing is finished at a tempera¬ 
ture of 75’ to 77 * C. (1 *»7° to 170 J F.). 

In the process of mashing, (he diastase of the malt eonv.-rts 
the stanli into maltose and dextrin, ina-unuch as ordinary 
st uvh is insoluble in water, it must first be rendered soluble 
before it. can be iiydrolysed. This is ellccied by the particular 
form of diastase eharacteri.'.tie of malt, as distinct- from that of 
barley. The soluble starch is then converted into nifdlo-flcxtliu 
and cry thro‘dextrin. An equation representing this change 
is— 

i ( II <>,, 

'■'* 11 •.I ; - -W.ll 

SoliiitU- ftimcli. M:i lie-lex Ilia. lajtl:ru-ilr\in:.. 


The next-action is the liydrolysisof limit., dextrin into maltose - 


I l j„' 


*211.0 . :tc II. o 

M:ill« e. 


The erythro dextrin undergoes a change by assimilation of water 
into malm-dextrin and UClU'OO-dextrin 


Cl) i- iu) 1 hliil.lo,.. •• W.di,,* 

l-.i\lSirik-xtriii." M 'tnii.I Aehr.»* e< Mini.' 

The malto dexi rin is converted into maltose as in equal ion (2). 
'flu• achroo-dextrin is further converted into malto-dexirin by 
the a-asimilat ion of water, and t his in turn into maltov. The 
final products, under ordinary conditions of mashing, appear to 
he maltose and an acliroo dextrin, 5C. .1 l.., l O. -1 . Ie>s complex in 
grouping than that produced in the eariier .stages. 'I'he precise 
react urns occurring during mashing are regulated by the tem¬ 
perature prevailing and the rapidity with which the temperature 
is raided. As soon as the temperature rises to 1-10' F. • fit* 0., 
the action of the diastase begins to be checked, and this rest ra¬ 
tion means that much of the malto-dextrin sullen-' no further 

* Krythro-doxt riii and achroo-dcM rin arc so < ailed because they give red 

ati*V colourless products respectively when m ated with iodine. Prior 
aliens to acliroo-dextriu the fonn.ila ».H..O. 

• This composition hum. he taken only as representative of the class of 
bodies known as malto dexirins, as their exact composition varies with tho 
conditions of formation. 
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alteration. Such as remains is no*, directly fermented l»y tin* 
yeast, in the fermenting vat (y.r.), but sutlers fcrmenial ion in 
tin* cask, producing beneficial effects on the heer. The }u• »|n*r- 
tion ol starch converted inti) maltose is about ibur-fifths of the 
whole, the re-t being present as dextrin. 

-• Boiling.—The wort, cleared by running through tin* spent 
malt (brewer’s grains), flows from the mash tun either din-elly 
into the copper, or into an intermediate vessel (“ underUiek **], 
in which, however, it must not remain long enough for its tem¬ 
perature to fall appreciably. While the copper is being tilled 
the fires are lighted, so that the temperature may he kept up, 
ami the hops are added in proportion, varying from 10 to L’O lbs. 
per quarter of malt in the wort, according to the character of 
beer to be produced, and if any other saccharine matter than 
malt is to be added it is also introduced at this stage. Tin* imps 
fire added pari passu with the malt, a final dose being generally 
applied just before the completion of the boiling, so that the whoio 
of the aroma is not lost by evaporation. The boiling usually 
lasts from two to three hours, and during the process all diuMutic 
action is stopped, and a large proportion of soluble albuminoids 
becomes coagulated and precipitated. The proportion of maltose 
and dextrin in the wort is determined by ascertaining fhe specific 
rotatory power by the polariinctor* at various stages of the boiling. 

I he wort is generally boiled on an open fire, but sometimes bv 
closed steam, which must be of high pressure to give a sufficient 
temperature to boil thoroughly, and to sterilise the wort in order 
that the beer may be sound. 

3. Cooling.—The wort from the coppers is run into “ hop- 
backs,” in which it is drained from the exhausted hops, these 
being afterwards sparged to remove the adhering wort, h is 
then cooled by exposure to a good draught in shallow tanks 
(coolers), and then passed over vertical refrigerators, cimoisting 
of copper pipes through which water is circulated. In ordinary 
English practice the temperature has to he reduced to ;W t.. r,u 
F. =--14" to 16° C. in the course of six hours for the whole of 
one brewing. Cold spring or well water suffices for this. In 
Germany, where bottom fermentation is in vogue, the tem¬ 
perature is lowered to 5° 0.-41° F., and for this purpose t ho 
lower parts of the refrigerators are filled with wui.-r. the 
temperature of which has been reduced to near 0°C. =. 32 K. by 
means of freezing machines. The advisability of this ex Irene* 
cooling has lately been questioned, since it enables wild types 
of yeast to flourish more readily. During cooling not oniv is 
"he temperature lowered to the point suitable for fermenta¬ 
tion, but the wort is also aerated, and a certain amount of 
albuminous matter (known as “cooler grounds”) deposited. 

* For the construction and use of the instrument, see Allen’s L'uunnoxial 
Organic Analyst#, 1 SOS, vol. i., pp. 34. 2 jo. 
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"Wliilo the hot wort is cooling in tlio coolers—as distinct from 
the refrigerators * -the oxygen which is taken up chemically 
changes some of the resins from ihe hops, causing them to 
coagulate into particles which sink readily and thus carry down 
suspended matter, clarifying the wort. On the refrigerators the 
air is dissolved mid serves for the respiration of the'yeast in the 
subsequent fermentation. Tint infection of the wort, with bacteria 
and wild types «>f yeast, derived from tin.* Hunting mat ter in the 
tiir, during cooling, is to be avoided as much as possible, ami it 
has been proposed to supply sterilised air to the refrigerating 
rooms. Tim average composition of the air dried solid matter 
in wort from medium dried malt, may be taken as represented 
by the following figures :— 


MhIm m*. 

.. 

Lac: ic 

Soluble albumniui*!.', . 
Colouring nutter, n.-li, Ae.. 

Total dry soli*is. 
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The intluem c of the water used for mashing and boiling {'/.r.) 
is very considerable. Tin* calcium and magnesium carbonates 
in the water are. to a, certain extent, thrown out of solution 
during the preliminary heating, and, remaining in suspension, 
neutralise sundry organic acids isueh as lactic) which an* present 
in the malt. The presence of calcium sulphate is henelieinl in 
causing the precipitate of albuminous matter which is produc'd 
(luring boiiing, to take a iloeculent instead of a pulverulent, form, 
and thereby to be more easily separable. 'The objection to alkali 
carbonates in a water for mild or pah* ale is that injurious 
nitrogenous matters are liable to be dissolved by their aid. 
Much colouring matter is extracted from the malt by alkaline 
waters, and this is the reason of their use for black beer. 

Certain excessively bitter resins from the hops are aiso ex¬ 
tracted by alkaline waters. Sodium chloride is a very beneficial 
constituent of a brewing water, exercising an antiseptic action 
during fermentation, and influencing the flavour of tin* finished 
product.. 

■I. Formontation cf the Wort. —The cooled wort is run into 
fermenting tuns,* which are large wooden vats provided with 
coils of pipes (attemperators) through which either vanned or 
cooled water may be circulated to regulate the temperature of 
the wort. When a portion of the wort has been run in, the 
yeast is added, in tins proportion of 1 to \ lbs. per barrel of wort, 

•Owing to excise, regulations in this country, the wort is first received 
in a collect in.: ves-el until the volume and spctfilio gravity have been 
ascertained by an excise ollicer. 
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the quantity depending upon the quality of beer to he brownl 
strong brer needing moM, yca.-t. This prongs is known as 
** pitching ’’ the wort. The rot of the wort is then run in, and 
the temperature (which i> to begin with *>U I\ • l('» (\j allowed 
to ri>e by the action of the veaM to ahout 70 I*’. 21 which 

it should attain at the rate of about I l*\ in d hours. This rate 
hum i.e maintain* d by the use of tie* atIriiipemtors. The 
suitner ot tin* wort durinu' f«■nuentaiion heroim s covered with a 
illuli coiiMsiintr of veast, iti "top fermentation’’ accordin'.: to 
Kngindi practice, blown up with carbon dioxide. Tin- appearance 
and motion of the troth serve the brewer as an index of tin* 
progress ot’ tin* fermentation. As the conversion of the maltose 
into alcohol and carbon dioxide proceed the specific gravit v of 
the iiqtior falls, and the wort is .-aid to "attenuate.” When tin*, 
above-ment ioned icmperalurc (7<> I 1 ’.) has been reached, the 

at! * nuat ion will g«ticrailv he about otic half /.»*., a wort of 
speciim gravity I ■Cot) w ill have become attenuated lo 1 trJ7». 
I he closest attention on tin- part of tin* brewer U required 
during the process •»!’ fermentalion, temperature and -pe.-ilic 
gravity h iving to be carefully noted. Kermentation is generally 
complete in two or three dav s. In making Injfrr hocr according 
to (ierman praetire, “bottom lermeniation ’ is employed, the 
name imphing that the \east grows at the bottom of ti.o 
e-rmenting tun. ’’or ti.e proper execution of lliis proee.-s. a 
temperature of .V* to d <11 to 1-i’ K. sliouol not ho 
exceeded, on which account, tin* fermentation i.s either run- 
du- ted in cellars or in rooms urtilieinliv cooled, whereby the 
manuiacture can he continued throughout the year. 

I in* general principles of fermentation have been already 
explained (p. L’tjl). fin* conversion of sugar into alcohol is 
elb-eted by tin* ferment contained in the ceils of the AV/e.7mro- 
ins. The best known of these are those composing the 
usually complex mixture called i/wst* ami the fin in'In > r plant, 
which lias prettily been shown by .Marshall Wanl to bo a 
symbiotic association of a yeast, and a bacterium. The alcoholic 
fermentation induced by this plant appears t<» be the work of 
the yeast, but. this i.s aided by (In* bacterium, the former being 
etinbmd to carry tin* fermeiitation further by reason of the 
removal of inhibiting products by the bacterium. Tin* aid thus 
afforded is what is implied by tin* term symbiosis, for all yeasts 
are ultimately killed by their own products. Yeasts am single- 
ceiled vegetable organisms, which multiply either by budding 
(gemmation) or fission (formation of ancMporea; endogenous 
division). Of these two methods of reproduction that by gemma¬ 
tion appears to be normal; if nourishment bo scanty, ascospores 
are formed. Like other plants, yeast must he provided wit h tin; 
mineral matter constituting its ash. This is found in sufficient 
quantity in ordinary wort, in which is a proport ion of the mineral 
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constituents of the barley whence it is derived. The wort also 
contains much sugar and some nitrogenous matter, and is a 
suitable medium for the rapid growth of the yeast. Tin- com¬ 
position of yeast (bottom yeast; is shown by the following 
analysis:— 

vjVrn-nt. 
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Albuminoids, ........ -it* 
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These results refer to the dried mat'-rial. 

l-’roh yeast contains from -10 to 80 per cent, of water. The 
composition of the ash differs slightly, according as the yeast is 
for top or bottom fermentation. 
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present in greatest quantity just before the yeast stops grow¬ 
ing, converts sugar into alcohol in the cell itself, after the 
sugar has been inverted by tin? illVCrt&SC also present iti yeast. 
This invertuse is a soluble enzyme secreted by the yeast, and 
elfcets the change known as “inversion,” represented bv the 
first equation. The main reaction may he represented thus:— 

(1) C',,11,,0,1 + N,0 = (’dl A + Cclb-M, 

hfXli-n.'C. l.unii!»so. 

Invert sup-ill'. 

(■-’) C,ll ls O« - •2<',ll„0 i!C(X- 

Whatever sugar is used liy the yeast, it is first converted 
into dextrose and another sugar of (he same series. Thus, 
cane sugar, of which maltose is tin isomoride, becomes converted 
into dextrose and bevulose, and milk sugar into dextrose and 
galactose. Both these products are fermented, but the dextrose 
undergoes the change more rapidiy. The quantity of sugar 
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which the yeast will ferment is independent of the original 
nature of the sugar — that is to sav, the organism is nut, 
impoverished in fermentative capacity by Inning to invert 
the sugar. The fermentation is invariably accompanied by 
the formation of secondary products, chief among which 
are glycerin and succinic acid. 100 parts of cane .sugar 
yield 105'3G of invert sugar, and are fermented t«> the follmnng 
products:— 


Alcohol,.el 11 

CO,.-It* 1*2 

Succinic acid, ...... 0 ti7 

Clyccrin, ....... IMO 

Cellulose, fat, !cc., ..... 1'00 


io:.:i(j 


The simplest equation representing the production of the hve- 
produeus is—- 

•K'olt,./*, + 3H„0 = C,ll«t\ + liC.-dUf) I 'Jilt t O. 

Six cinic acid. (iljccrin 

'fhe oxvgcn serves for the respiration of the yeast. It appears 
that the purer the yeast the lower the proportion of bye-products 
formed, but they arc never absent. The formation of alcohols 
higher in the series than ethyl alcohol—collectively known as 
fusel oil—occurs to some extent in the fermentation of wort, 
but it is doubtful whether they are the products of the action 
of pure yeast (Saccharnniycett cerei'isiw) or of adventitious 
varieties. 

For the most rapid propagation of yeast certain conditions must 
prevail the percentage of sugar in the nutrient liquid should 
lie between 2 and 4, and the, temperature must range between 25° 
and 30° C. — 77° to SO 0 F.; should the percentage* of sugar exceed 
35, or the temperatur rise above 35° 0. — 95“ F., or fall below 
0° 0. =# 32“ F., the growth of the yeast will be arrested • the 
carbon dioxide evolved also serves to some extent as a retarding 
agent. When the percentage of alcohol in the fermented liquor 
exceeds 20, the growth of the yeast is also inhibited. .1 n perfectly 
pure sugar (free from nitrogenous matter and ash), the yeast 
will ordy grow by feeding on the nutrient matter it already 
contains. <S 'accharomyces ceremuicB exists in two forms, that 
characteristic of top fermentation, already described, and that 
producing a bottom fermentation, used for lager beer, which is 
now brewed to some extent in this country as well as in 
Germany. Bottom yeast consists of round or oval cells, 8 to 
9 /x* in diameter, which an; slightly smaller and less aggregated 
and branched than top yeast. Its mode of reproduction is 
* t* = lo’o c mm. 
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however, similar. It is active at 1° to 10 a C. -= 30 a to 50° F., 
and during the fermentation it collects at the bottom of tlm tun. 
Before modern brewing methods, resting on a knowledge of 
chemical and biological principles, were generally adopt'd, 
brewers' yeast was a mixture of various sarchnromycct.es wiilt 
moulds an i bacteria, and the course of the feniieniat.ion, and 
therefore the jjuality of the product, were largely a matter of 
chance. Nowadays, the need for fairly pun- yeast: is recognised, 
and microscopical examination is used to judge of its ijualily. 
The ceils should be of uniform size, plump, transparent, and with¬ 
out a granuiaied appearance, head cells and rod like organ ions 
(/etc/, ,'iti) should lie absent. The yeast, is ri"\er ent irely fr**<* 
from ihe miter, but certain standards arc laid clown.* In bulk, 
tbe vea»l should have a rich cream colour and a clean sw.m 
smell. A more systematic method consists in preparing pm- 
cultivations of yeast. The principle upon which this depend-, i; 
t.lie approximate isolation of the organism to be cultivated from 
accompanying growths, in a. liask of nutrient, lhpiid which i..is 
been previously sterilised by boiling. Wien a inicroscopi.-.d 
examination of the yeast in each cult i\at ion made, shows t ha: 
the charaetcris* ics of c*./v predominate in any 

one of t hem, t lie growt li of that cult iva» ion is further encouraged 
in order to obtain a pure yeast for brewing. On a large scab* 
pun- yeast is ,-u\\ n in sterilised wort, tin* process being carried <mi 
in sterilised copper ves-cls. access of air to which can only take 
place thriuigb libers of cotton wool to exclude germ-, and ti.e 
growth of pure yeast, tints obtained is used to ferment tin* Ih-t 
in the tuns. This [dan is not practiced in this country, owing 
to Fxcisc dilliculties, but it is employed abroad, notably in 
Oermany. At Copenhagen, also, the dill'cront kinds of yea a 
are extensively cultivated, and supplied to brewers as pure 
cultures. 

f>. Cleansing of tho Boor.- Win n tin* wort, has reached the 
proper attenuation, tin* hoot* has to be freed from yeast. This is 
done bv several methods, of which the chief are—(1 . the ** mii-»n " 
method, (2) the “ skimming” system, and - o) the “stone square” 
system. 

(!' Tlie union method is an iin]*rovement on the old London 
cask method, which is used for beers that are to he consumed 
shortly after brewing. It. consists in running the beer with tin* 
yeast into casks or “unions” holding 1 barrels apiece, and lit led 
with attomperators and a swan-ru ck pipe, opening over .* trough 
common to a set of casks. The beer is run into the “feeding- 
back ” and thence into the casks, where the fermentation con¬ 
tinues, and the yeast rises, separates, and Hows over through the 
pipe into the trough. The beer accompanying it i3 separated 

* For detailed account see A T<xt hook of the. Sco nce of lire.inwj, by 
Moritz and Morris. 
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and returned to the feeding-back. After the fermentation is 
completed and the yeast ceases to How over, the pipes :uv 
removed from the casks, and these are bunged up and allowed 
to settle. Among the advantages of this system an- the 
exclusion of air during cleansing, the thorough reparation of 
veast duetto the moderate size and shallowness «*1 tie- \es<els, 
and the fact that where it is practised the use of at teniperuiers 
in the fermenting tuns is not. essential, the beer being run into 
tin 1 unions as soon as it has reached a temperature of »i> l\ 

21° (\ (2) The skimming system consists in running the heir 

with the yeast, into a “ skimming-baek.” which is a largo wooden 
tank provided with at tempo rators and lilted with large tunnels 
of tinned copper (“ parachutes ”), the mouths of which are on a 
level with the surface of the liquid. The yeast, is skimmed from 
the surface by a board into these funnels, and is thus removed, 
to) The stone-square system consists in having two stone or 
slate vessels, one above the other, eommunieating by mean'* «>t a 
manhole, which is provided with a collar about u inches high. 
Tuerc is also a valve between tho two vessels. Ilie ferment jug 
yort is run into the lower vessel, and is pumped ai internals 
into the upper one until the right attenuation is reached ; at. tho 
last return the yeast will collect in the upper vessel, being 
prevented from reaching the lower one by tile collar round the 
manhole. Tl:-* yeast, collected by any of these methods is 
washed, and the surplus above that required tor the next 
“ pitehiug ” is pressed and sold, largely to distillers (see .S/nrtf., 
Veil. II.. p. 220). The yeast for pitching is used again as >«*on 
as possible, and in the interval should ho kept cool and dry. 

0. Racking and Finishing Processes.— Tin* cleansed beer 
is occasionally run directly into cask, but the better plan is to 
employ a ‘‘settling” or “racking back.” In this vessel the 
remaining suspended matter is deposited, and the beer may he 
here treated with a “priming” of sugar -which allbrds material 
for subsequent fermentation in the cask, and acts as a sweetening 
agent—be coloured with caramel (burnt sugar), and be preserved 
with antiseptics such as bisulphites, salicylic acid, sodium lluor- 
ide. Am. After the beer has been in the racking back for several 
hours, it is drawn oil’ into trade casks, if for immediate con¬ 
sumption, or into storage casks or vats. In the former ease it. is 
clarified by the addition of “ finings ”—j.e., isinglass dissolved in 
dilute sulphurous acid.* The isinglass forms a precipitate with 
the tafcnin of the beer, arid in settling carries down suspended 
mattei. The clarification of beer is sometimes aided by filtration 
through wood shavings; for these it has lately been proposed 
to substitute shavings of aluminium. 

Beer in cask undergoes a secondary fermentation at the 
expense of resicjuil malto-dextrin, nnd is thus aerated and 
* The practice of using sour beer as a solvent is to be <• unturned. 
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kept in good condition. The. finished beer is liable to various 
diseases, the chief of which are acetic fermentation induced by 
Harbruim ac.eti (see Vinw/ar, Vol. Tf., p. 2.’15), which renders 
the beer sour, its action being favoured by access of air, and 
“ropy fermentation,” probably due to the action of Jiaci/tus 
vineoHUn. Such defects an* largely produced by impure yeast and 
contamination of the beer by foreign microorganisms; these 
causes are avoided by perfect, cleanliness and the use. of pure 
cultivation of yeast. Careful attention to tin* quality of water 
employed and proper treatment of the wort are also requisite. 
Details of such matters must be looked for in monographs on 
the subject. The following analyses illustrate the composition 
of typical samples of beer : 
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evolved, and imparts to t.lie beer its charnel ori*d ie cilervesei-nce; 
at the same time it serves to exclude air from the cask. In 
order to maintain tin so conditions. beer is niton kept under 
pressure from a reservoir of liquid carbon dioxide, which also 
serves instead of a pump to raise the heor from the cellar for 
<iistribution. Much carbon dioxide is now recovered 1mm the 
fermenting tuns, liquefied by pressure, and u.-ed for this ami 
other purposes. 

III. WINE. — Wine is an alcoholic liquor made by the 
fermentation of grape juice. The sueoesstul cultivation of 
grapes for wine production can only be effected in climates 
where the full proportion of sugar in the fruit can be obtained. 
Further, it, appears that each country lias a type of vine 
adapted for growth in it, and that vines do not flourish in 
a region other than that in which they originate. 'The grape 
is better adapted than any other fruit, for the product U.n of 
wine, because of the large content of sugar dn the juice and 
the fact that a considerable proportion of the acid separates 
as potassium bitartrate after fermentation. The grape con- 
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tains 05 to 97 ppr cent. of juice, which is a solution of sugar, 
organic acids, albuminous matter, mineral matter, ami exttac¬ 
tive matter. The following figures illustrate tlu> 

proportion of those constituents in grapes of selected and of 
second qmiiitv:— 



; Selected. 

1 



Pe! cent. 

Pel" cent. 

Sugar, . . 

j sr><» 

k;:u 

Free acid, ..... 

n ■.->:{ 

ot»o 

Albuminoids, .... 

n '•_?;> 

0'2(i 

Mineral matter,. 

0*20 

0-27 

Fxtractive matter, 

1-71 

•121 

Total solids, 

2K.T7 

21 C»!l 

Water, .... 

7 ">'():» 

7s;:i 


! loooo 

100 00 

Specific gravity, 

. i t oot 

) os:. 

Katie of acid to sugar. 

i : :r» 

1 : 27 


AN hen the grapes are beginning In ripen, the. proportion of 
free acid to sugar L large, decreasing as the ripening pro- 
cords. In unrip** grapes, which are still sour, this ratio may be 
as high as 1 : 10 , and malic acid is present, being eliminated as 
tlu* grapes become ripe, while tartaric acid is not destroyed, but 
goes to form potassium bitartrate. The grapes must not. be 
allowed to become over ripe before being gathered, as they lose 
sugar by oxidation and are liable to be attacked by low growths, 
like moulds. Certain growths, however, though nourished at 
the expense .of the sugar, are not altogether harmful, as their 
life-products impart an agreeable bouquet to the wine. Grapes 
are liable to various diseases in all periods of their growth, the 
most fatal of which are known as “ oidium ” and “phylloxera.” 
These are combated by dressing the vines with various antiseptic 
compounds, such as sulphur and copper salts. The famous 
“Bordeaux mixture” consists of copper sulphate and lime. 
The grapes are gathered, and if for red wine are picked from 
tlu* stalks, because the stalks contain mjich tannin ; this would 
be extracted during fermentation, which, for the sake of the red 
colour, 4 s conducted in contact with the skins, “marc.” For 
white wines the juice is at once separated from the marc and 
stalks, thus avoiding separate picking. The juice is extracted 
in a jftess, or by passage through grooved rollers, care being 
taken not to bruise the seeds and stalks. A further quantity 
of juice is obtained by a second ^pressing. The percentage of 
juice (“must”) is about 95 per cent, if the stalks have been 
removed, and 70 per cent, if they remain. 
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Tho fermentation of tin* must is allowed to occur spon¬ 
taneously, and is effected mainly l»y tin* yeast named Sm-rlmyo- 
myas <‘Hifnuii</•'.}/s. Tho reason why the spoiuanoous lernumta;.:oii 
is carried out by this particular organism is that tin* ferment, 
is widely diMributcd in wine - growing countries* and that 
it grows especially freely in must, monopnli-ing the nutrient 
matt.<*r and starving out other organisms. Tho fermentation is 
carried out. in barrels for white wines—tin; hung hole being hut 
open and in open vats for red wines. Top fermentation and 
bottom fermentation are practiced, as for beer. Tho former is 
the cDiiiiiioncr, ;iml i^ performed at a temperature of 1 5 to 2d' 
<\ 59 to 77 1\, the latter, chiefly used for Bilim- wines, 

requiring a temperature not-exceeding |5 U (■. <>0' V. A fairly 

high temperature n </., 27’ <\ — N) J l\- favours the production 
of a wine in which the sugar is not completely converted, and 
which is, therefore, sweet and poor in alcohol, but with a good 
flavour. Tho main fermentation is complete in throe to fourteen 
days, when the veast falls to the bottom; the wine is then 
racked into clean casks. The “young wine” thus obtained 
undergoes a further fermentation, and as the percentage of 
alcohol increases, albuminous substances and tartrate.-, are 
deposited--the latter being less soluble in alcohol than in 
■water—forming tin* crust known as “ argol ? * (see Tartonr 
Yol. .11., Chap. XVlli.y When the marc is also allowed to 
ferment, the wine is highly coloured, owing to the extraction of 
the colouring matter of the skins by the alcohol. Such extractive 
matter helps to preserve the wine, on which account, and because 
of the presence of tannin, red wines usually keep better than 
white. Secondary fermentation in cask for wine on draught can 
}»c prevented by careful beating to a temperature of 55 to 
G0° (/. - i:n° to 140' l\ in a separate apparatus, and storing in 
sterilised casks. Besides the alcohol produced by the fermenta¬ 
tion of grape sugar, bye-products such as glycerin and succinic acid 
occur, similar to those formed from maltose in the manufacture 
of beer, and in addition to these, certain ethereal salts (esters) 
which impart to the wine its characteristic hoiujuet. The per¬ 
centage of alcohol naturally present- in wine is limited by the 
inhibiting effect which alcohol has upon the yeast. Tin* usual 
quantity is from G to 12-per cent. Stronger wines are “fortified” 
by the addition of spirit. Be>ides these constituents, wine 
contains metallic salts of organic'acids and extract iv< ‘"mat ter, 
including tannin and organic acids. Chemically, it is dis¬ 
tinguished from beer by the presence of tartaric acid (which is 
characteristic of wine, as acetic acid is of. beer), of a large 
proportion of salts, metallic and ethereal, and of tannin. At. 
tin* same time it is devoid of* hitter principles. The lollowing 
table (/'r'Wiiius and Horymann) shows the composition of smi.o 
typical wines: — 
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In pine natural wine the proportion of glwvrin i<» ai« idl'd is 
never less than 7‘8 : 1U0. This serves as an index of the genuine 
eharaeter of the. wine. The following are analyses (by /hi jut) 
of “ fortified ” wines :— 
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Alcohols higher in the series than ethyl alcohol are sometimes 
present in wine. The principal substance imparling tlie vinous 
bouquet is said to be mnanthic ether, hut others are undoubtedly 
present, and each vintage appears to have its own characteristic 
ethers, said by some authorities to be duo to the type of yeast, 
used ; some such flavouring matters are developed during storage. 
The colouring matter in white wines appears to Is* an oxidation 
product of the extractive matter in the juice. In red wines the 
colour is derived from the husks and seeds of the grape. and is 
only red % in the presence of acid, being changed to green bv 
alkali. Brown sherry is coloured with caramel (see Vol. 

TI., p. 1B7). Another change which takes place during storage 
is the deposition of some of the potassium bitartrate, (<,g<th-T 
with colouring matter in the form of “crust.” such as is seen in 
port. The addition of plaster of Maris to must hastens tin* fer¬ 
mentation, and is said to render the wine more stable, and to 
improve its colour. The chemical effect is to precipitate tiie 
* Presumably stated in terms of^artaric acid. 
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tan uric acid as calcium tart rate, potassium bisulphate lving 
formed. This ivaeis with tin* potassium phosphate present, 
forming free phosphoric a»*id and neutral potassium sulphate. 
It thus happens that a “plastered” wine is relatively richer in 
potash and phosphoric acid than one which has ifot hemi so 
tivnt. d. Tin 1 pra< ti«‘e is generally condemned. 

Sparkling wines, such as champagne, are allowed to undergo 
a secondary ferniental ion in hot lie. Thus, in t he case of cham¬ 
pagne. the raekisl new wine is mixed with old wine, and if there 
in- not sutli'-ieni. sugar to continue fermentation cane sugar or 
invert sugar is added immediately he to re bottling. Idle hot ties 
are stored horizontally, and before bring marketed are inclined 
until the sediment falls into the neck, when the cork is 
dexterously released, so that tin- pressure, due to dis>oI\e-i 
CO.., mav expel the sediment, ft is said that a less wasteful 
method consists in livr/ing 1 he p>.rtioii of li pud in the ner K ■ »» 
the inverted bottle after the sediment lias collected, and subse¬ 
quently withdrawing the. frozen plug when the buttle is in its 
normal position. 

IV. MINOR FERMENTED LIQUORS. Asides beer and 

wine, other potable liquors containing alcohol are produced hv 
the fermentation of saccharine matters, such as the juice ol tie* 
,-ippie i for cider), and of the pear (for perry), and sugar it.sell ftor 
ginger beer). In making rider t lie apples are pulped, t lie juice is 
expressed and allowed to ierniem spontaneously at a t'-mperat ure 
of I’tf ■- 4o 1 F. Tin* liquor is racked, and a secondary lermeiita- 
tion allowed to occur at. ;us low a temperature as possible. t«'o >d 
cider should contain from 0 to (> per cent, of alcohol and 2 to 
per cent, of sugar. (linger beer brewed from sugar by the a'*ti"U 
of the ginger-beer plant, or of yeast, contain.-* alcohol tip to about. 
2 per cent. 

V. SPIRIT. -The production of potable iiquids containing 
alcohol dates from prehistoric limes, but- until chemical research's 
had been carried out by the alchemists and tin* process ot distil¬ 
lation evolved, such liquids were not of greater strength than 
cun he obtained directly by fermentation. When it was huind 
that spirit, of greater stnmgth could lx* produced by distillation, 
the process became commercially valuable. 

Raw Materials.—The earliest raw material used for the 
manufacture of spirit was wine. On distilling any ordinary 
wine, alcohol and water pass ovei, the former predominating in 
the lirst fractions, which are. therefore, richer in alcohol than 
was the wine. The distillation of wine for the production of 
spirit, is still practised for the manufacture of the best brandy 
(cognac). When the rationale of fermentation became known, 
the fermentation of alcohol from sugar, both That naturally pro¬ 
duced and that: obtained from starch, was utilised for obtaining 
spirit. Thus, nowadays, wine, sugar, and starch are all used for 
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the manufacture of spirit, tin 1 nature and flavour of the product 
depending mainly on the class of raw material adopted. 

Potable spirits may be divided into two classes vi/., those 
produced by the distillation of materials which imnarl to them 
a characteristic and agivi-ubb 1 flavour, and those tormed lr«»in 
materials winch are treatctl to yi* hi a spirit, destitute nt llav«»ur- 
ing matter, And needing, t lien fore, to he artificially ll-i\*uire i mi 
order that it may he m irkei-i»»:«*. Tin- torun r class was the. 
originally manufactured t'//.. brandy'. ih" production oi tic- 
latter class being a comparatively modern industry. 

Brandy is the product, of the il>t illation of fermented hi..-- of 
grapes; the best is known as cognac, Irmii the piace nt ilia' 
name, and is made from the brandy grape, a small white berry 
which yields a very acid juice, and is tormented lor tin- express 
purpose of producing this spirit. Tin- l>m cognac is mam- ;n 
two operations, the first disti 1 lat imi giving a product "hub • ■ >:;• 
tains about 30 per emit, of aScounl. flo- product ol tin* s.-e.-iid 
distillation contains about OS per cent, ot alcohol, and is ' tor- d 
for years until by evap .rat inn the content o| aicnhoi n n-iow 
GO per cent., when it is ready lor the market. I»ramb«-s trom 
other districts are made from the wires from dilV-Teiit giapi-s, 
each communicating a characteristn- llavour to the spirit. l i e 
average yield is 10 to lf> percent of the wine employed. I lie 
following figures show the composition of a sample ol cognac 
(specific gravity 0*1>5) : ■ 
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The colour of brandy is art|uired from the cask in which it, i-- 
stored, save in the case of brown brandy, Hiiclt is coloured by 
the addition of caramel. 

Whiskey*—The raw material used for the produel ion of whiskey 
is barley, which may he entirely or partially malted; malted 
barley is used for Scotch whiskey, while for Irish whiskey a 
mixture of malted and unmalted grain is employed. The malting 
process is similar to that used by the brewer (see Hear, Vol. 11., 
p. 20G), the drying being effected over peat fires, which impart 
the characteristic smoky llavour to the whiskey. The dn« <1 
malt is crushed and washed with hot water, as in a brewery, 
but under such circumstances as shall ensure the production of 

15 
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a wort containing more maltose and less dextrin than that in¬ 
tended lor hrer. Tin* temporal w re employed is at first I On" K. 
- 71" ()., and is raised until, at the third mashing, it readies 
! S ’.V l\ ('. The wort, when separated from tin: grains, lias 

a >peeifie gravity uf 1*010. The spent grain, known as “ draff,” 
is similar in composition to brewers' grains, and is sold sis cattle 
food: the composition of a sample is given by A. II. Allen 
(./minull of fhr Sm'irlij uf <Iu:iuic<il JwluMnj, 1 S‘.) 1. p. -Hl.'i) as 


fullows :« 

l*. r i:t. 

Moi-ture,.b»:ig 

oil, .ti-7l) 

Albuminoids,.1 

Carbohydrates, digestible librc, Ac., . . . •! I ■ni» 

Woodv fibre, ....... lienn 

Ash, . •.::-ui 


ll.OlMl 


The wort is cooled to 70° to 80' !'. - 2T to 27 (J. by re¬ 
frigerators as quickly as possible, lest it become sour, and the 
fermentation is started at as Iowa temperature as is practicable, it 
being found that fewer bye-products (fusel oil) are then obtained. 
The boiling of the wort for sterilisation is omitted by the distiller 
as the fermented liquor is only a stage in the process and is not 
stored. The surplus yeast of the brewer, in as pure a condition 
as possible, is used lor the fermentation ; impure yeast contains 
the aeetic acid and other ferments, leading to loss of alcohol and 
production of aldehyde, an objectionable impurity. The fermen¬ 
tation is pushed as far as possible in a t un cooled by atteinpentors 
(see Jirewing , Vol. II., p. 214), and the yeast, is left in the fer¬ 
mented liquor or “ wash,” fresh yeast being required for each 
fermentation, 'flic alcohol in the wash amounts to 10 to 12 per 
cent., and corresponds with about 80 per cent, of the saccharine 
matter employed. 

Tim distillation of the wash is conducted in an ordinary ."till 
ipot still) of 6,000 to 12,000 gallons capacity, similar in shape to 
that used for distilling water in the laboratory, made of copper 
and fitted with an agitator to prevent the solid matter in the 
wash settling and charring on the bottom. The still is lired 
direct, and a small quantity of soap is sometimes introduced to 
prevent frothing. The distillate from this first, still is poor in 
alcohol, and is known as “ low wines the residue in the still 
(•‘pot ale”) contains 3 per cent, of solid matter in solution, in¬ 
cluding about, 1 per cent, of lactic acid, which has lately been 
recovered and used as a substitute for aeetioacid and tartaric acid 
in wool dyeing, as well as, to a large extent, in chrome tanning 
(see Vol. II.. Chap. XVI.). The first distillate is redistilled in a 
second still similar to that just described, save that a stirrer is 
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not necessary. The second distillate is collected in three iVao- 
tions—namely, “fore-shots,” “clean spirit,”and ‘•feint*:" 1 *q ei.t 
h*cs ' ! arc left in tin: still and Mil>M*quont ly run to waste. The 
first and third fractions are impure, becoming milky on dilution 
with water, and arc* redistilled with the next hatch of low wines. 
The middle Traction is “now whiskey,” and lias a strength of 
Id" to 5LT over-proof (for an explanation of the term “proof,’' 
see below) ; it is brought to standard strength of 1U° to 2.V <»v<r- 
proof by the addition of water, and allowed to mature in cask. 

The nature of the products of the fermentation of whiskey 
wash are similar to those of the fermentation of brewers’ wort, 
but, as tin*, process is carried farther, the formation of secondary 
products, particularly of alcohols higher in the series than ethyl 
alcohol, is greater. The impurities precipitated by water in the 
lore shots, appear to consist largely of fatty acids (some of which 
mav he derived from t.he soap used), but those precipitated hom 
lhe feints consist chiefly of higher alcohols, which constitute the 
so-called fusel oil. The chief substance present, in this body is 
inactive amyl alcohol, to which its evil odour may be attributed. 
With regard to the supposed injurious action of fusel oil on the 
system, Allen [lor. cii.) has shown that it may bo freely imbibed 
w ithout ill effect. The quantity present in whiskey is not greater 
than 01 per cent ; the ethyl alcohol present, is usually 55 to 
<54 per cent., Irish whiskey being usually the stronger. In this 
condition it can be kept unchanged for many years. Whiskey 
as sold to the consumer, however, is much weaker than this. 
The Act of 1879 fixed the minimum strength at 25° under 
proof, corresponding with 37 per cent, by weight of alcohol, 
and ordinary whiskey is from 10° to 20° under proof, corre¬ 
sponding with 44 to 39 per cent, of alcohol. 

Besides these higher alcohols, furfural is present in whiskey, 
and is characteristic thereof; it appears to he produced by the 
slight charring of the solid matter in the wash. The maturing 
of whiskey appears to l.e due in part to oxidation, but more 
largely to an absorption by the wood of the cask analogous to 
that exerted by wood charcoal, in the purification of silent spirit 
(</.<\). The use of a sherry cask for storing whiskey is two fold, 
impurities being absorbed from, and flavouring matters imparted 
to, the spirit. 

Gin.—Whereas whiskey and genuine brandy are prepared in 
pot stills, jn which but little fractionation takes place, gin— 
which is a liquor flavoured by the addition of flavouring materials 
to plain spirit in the process of rectification or redistillaf.ion—is 
manufactured in “patent” stills, such as are used for the produc¬ 
tion of pure alcohol. The raw material is a mixture of malted 
and unmaltod grain, from which a mash is produced and fer¬ 
mented in the usual way (pp. *225, 220). The distillation is 
generally effected in a Colley still, which is shown in Fig. 38. 
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Tl»is apparatus consists of two columns, generally made o! wood 
lined with copper The first. A, is termed the analyser, while 
the second, II, is called the rectifier. The pipe. 0, passes from tiio 
top of the analyser into tin; bottom of the rectifier. Internally 
tIf* column- are divided by perforated copper plates (generally 
eleven in the analyser and fourteen in tin: rectifier , each <>f 
\v:.ich is provided with two valves, having the appearance of 
tie- loiter T in the lit'lire. Kadi division of the column is con- 
ne- ted with the te xt by a tube, 1 > (a dropping pipe’*), which 
it i.-. in --it ted. and terminates in a collar-shaped trap on the plat** 
below ii. The top of the reelilier is slightly modified, the tilth 
plate from the top being imperforated, hut provided with a large 
opening. I’, with a neck. I he dropping pipe of this plate opens 
into a pan wlihdi is deeper than those under the dropping pipes 
of the other plnle>. and has a draw olf pipe, |\ ’flu* upp*-r 
<iivisions of the rectifier have tin- form of ordinary bailie j iat'-s. 
The whole of the upper port ion of the column is the lini-bed- 
spirir. condenser. 'I he wash (fermented ma.-di« is stored in tin- 
vat, (1. and ilows into tin* well. II. from which it is forced by the 
pump, K, through tin* j»i]ie, L, which parses through tin- reel ilier ; 
I. is made n t > of a series of parallel port ions connect» d with iIh- 
b'-mis, M, placed outside the reel ifying coluni:.. flic low er end 
of this pipe passes upwards to the lop of the analyser, win re tin- 
wash is delivered into the trap on the topmost, plate, whemv it. 
Hows from plain to plate, encountering steam from the boiler. N. 
'flie pressure of steam and alcohol vapour prevents the pas-age 
of the wash through the perforations of the plates, and compels 
it to fall from plate to plate* through the dropping pipes. Sur¬ 
plus pressure is relieved by the valves in the plates. It will he 
understood that* at the beginning of tin- process the apparatus 
has been completely tilled with steam, so that the wash is heated 
nearly to boiling point; before it. enters the analyser. \\ hen tin- 
circulation has been started, the wash is continuously exposed 
in tin* analyser, in layers, to the action of the steam, which is at 
its lowest temperature ai the top of the column, so that it is only 
from the top plate that; the constituent of lowest boiling point 
(tin- alcohol) can pa>.s away. h. does so, together with the steam, 
through the pipe (’, and is delivered at the bottom of the recti¬ 
fier. during its passage up which it. becomes concentrated by the 
condensation of the steam in contact, w ith the pipes conveying 
the wash, 'flu- conden.-ed steam, together with the impurities 
of higher boiling point (fusel oil), falls from tie* pipes on to tie- 
plates in the rectifier, and, by being thus delay'd on its down¬ 
ward course, is deprived of the hulk of its alcohol. 'Lest the 
condensed water should still retain much hlcohol, it. is returned 
to the well, 11. through the pipe J\ to he again circulated with 
the wash. The concentrated and purified spirit, comes in contact 
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with tlie pipes conveying tin* coldest wash in (lie upper part of 
the rectifier, its cooling by this means being promoted by the 
presence of the baffle plates. Tin; greater portion of it is thus 
condensed, and is ultimately collected as finished spirit through 
tie- pipe I*'. The more volatile impurities (•'.</.. uhjehvile) fail to 
be roiideiiseil in the rectifier, and pass away with such steam as 
remains unconih nsed through the pipe I’, and are either allowed 
to e.seape or are condensed and worked up again, according to the 
praeti-e of the distiller. The spent wash flowing from the bottom 
of tbe analyser is used for heatin'/ tin* feed water of the boiler. 

It will be seen that tin* (’oih-v still works much more system- 
aticallv and economically than the ordinary pot still, inasmuch 
as the higher boiling constituents are eon;iuuously removed 
without redistillatiun in a second still, and the heat of conden¬ 
sation is utilised in warming the mash before distillation. On 
account of the perfect fractionation which is effected by the Coffey 
still, it is not adapted for the production of whiskey and similar 
spirits that depend for their flavour on the presence of character¬ 
istic impurities. 

The plain spirit from the Coffey still is re-distilled in a pot 
still, sucli matters as are to impart flavour to the gin being added 
to the contents of tin; still. The substances chiefly used are 
angelica root, almond cake, calamus root, cardamoms, cassia, 
cinnamon, coriander, juniper, liquorice root, orris root and 
sweet fennel. These yield essential oils, which distil over with 
the spirit. The addition of salt to the contents of the still is 
found to favour (lie. extraction of these flavouring matters. For 
the production of sweetened gin, syrup is added to the re-distilled 
spirit. It is sometimes customary to add a little sulphuric acid 
to the contents of the still, in which case fragrant ethers pass 
over into the distillate. Such is the case with “Plymouth gin.” 
“ Hollands” differs from ordinary gin made in this country, in 
respect of the fact that it is made from rye and distilled from a 
pot still, its chief flavouring matter being juniper. The average 
strength of gin is about 17° to 22° under proof (40 to 37 per cent, 
of absolute alcohol by weight). It is often largely adulterated 
with water. 

“Absinthe” is a form of gin flavoured with wormwood, as well 
as with the ingredients above-mentioned. 

Rum.—-Rum is imported irom the West Indies—chiefly from 
Jamaica—where it is made for the most part from rpolasses (see 
Sugar, Vol. II., p. 178) or other refuse sugar. The fermentation 
is brought about by adding speut wash, to provide the necessary 
nutritive matter, to the sugar solution, containing 12 to 16 per 
cent, of sugar, and .allowing spontaneous ^fermentation to ensue. 
The wash is then distilled in a form of pot still (the Pontifcx 
still) until the bulk of the alcohol has come over, the “low 
wines” thus obtained being redistilled. Rum owes its flavour 
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to the presence of ethyl formate and butyrate, and its eon in¬ 
to caramel, or to the extractive matter it takes up from the 
casks in which it is kept. Ilum is usually 2(.)° O.P.- ».<•., n 
contains f()H per cent, by weight of absolute alcohol. 

Arac is ay Hast Indian product made by fermenting molasses 
with *' raggi.” a kind of yeast, and distilling the liquid. 

Alcohol (Commercial spirit).- Alcohol is prepared from ninny 
saccharine materials for industrial purposes, and for adulterating 
genuine pot able spirits such as those described above. Kor the 
latter purpose, (.Herman spirit is largely used, made from potatoes, 
a somewhat cheaper source than the materials used in this 
country. Any starchy material will serve for the production 
of alcohol, and the real question is one of cost, which \.tries 
with the locality in which the manufacture is carried on. Tin* 
saccharification of tin* starch is usually effected by the action of 
the diastase of malt, the quantity of malt requisite, aceordimj; i<> 
German practice, being about. 5 per cent, of the. weight ol potatoes 
used, ll is reckoned that the work of saccharification is executed 
by half this quantity, the remainder sorting as nutrient matter 
for the yeast in the subsequent fermentation. 'I'liis extra nutrient 
matter is necessary on account, of the. small proportion of albu¬ 
minous matter in potatoes and similar starchy materials. It is 
for this reason + hot. the cheaper process of saccharification bv 
boiling with a small quantity of acid (see Starch Sm/ar, p. 
is not a completely effective substitute for the use of malt. The 
method of mashing has been already described under the head 
117/ ixkr.f/, Yol. II., p. 225; the “pitching” temperature is as 
low as is practicable (23” to 25° 0. - 73" to 77° If). The distil¬ 
lation of the wash is carried out in stills of the Colley type, 
which produce, alcohol containing HO to 05 per cent, of absolute 
alcohol, and about, 0 - 4 per cent, of higher alcohols, and similar 
impurities, collectively termed fusel oil. The kind of spirit 
prepared from different raw materials is shown by the following 
figuics:— 



Alriflinl pur 
rent. Iiy 
wniilil. 

KlWl nil 1H<|- 

liiu purls 
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Potatoes, .... 

85-04 

0*328 


HO'71 

0-2515 
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M) *50 

0-703 


7-HI0 
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Maize,. 

. 81-05 

0-207 

‘Molasses, 

81-35 

0*374 


The raw spirit also contains soifie aldehyde, the presence of 
which is attributed to impurities in the yeast, which also cause 
the formation of higher alcohols. Aldehyde occurs more largely 
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in spirit which lias been fermented in warm weather than in that 
prepared under normal conditions <»f temperature. The value 
of this first distillate or “crude spirit ” depends not. only on its 
content of alcohol, but on the proportion of spirit five from im¬ 
purities which it yields on redistillation. As already staled under 
H7//’.s7iV*y, it is generally supposed that fusel oil is objectionable in 
spirit which is to be used for drinking, but it is doubtful whether 
it can be condemned as actually deleterious, though its tlavour is 
certainly nauseous. The spent wash is used as cattle food. 

The crude spirit is purified by dilution with about, an equal 
quantity of water--more water being needed the richer t he spirit 
is in fusel oil -and filtration through wood charcoal, parked in 
columns varying in height from 7 to ot) feet, and about, il fed in 
diameter. The wood charcoal, which is found to be more elfe- me 
t Iimii animal charcoal, is used in pieces t he size of peas or nuts, 
and acts partly by mechanical absorption, and partly chemi- aily 
bv inducing oxidation. As a consequence of this oxidation :d ie- 
livde and even acetic acid are formed. Ksters of the higher 
alcohols are also formed, which afterwards give an agreeal-.e 
aroma to the spirit. When tin* charcoal ceases to net. it can 
be revivified by steaming out the alcohol and igniting the 
charcoal with exclusion of air, hut this latter treatment is not. 
much practised, although the alcohol is always recovered. 

The alcohol steamed out of the charcoal might he expected 
to contain a considerable proportion ot the fusel oil that has 
been removed; it is found, however, that but little fusel oil is 
recovered, most of it being oxidised and estcritied during tin- 
process of filtration. 

The substitution of powerful oxidising agents--such as potas¬ 
sium permanganate, chromic acid, ozone, and manganese dioxide 
—for charcoal has been proposed, hut. their use has not been 
attended with success, since they cause the production of much 
aldehyde and acetic acid, and, therefore, of ethyl acetate, from the 
ethyl alcohol. Of other methods which have boon proposed may 
In* mentioned that consisting in the extraction of the fused oil hv 
treatment of the diluted crude spirit with petroleum ether, and 
that consisting in shaking the spirit with potassium carbonate, 
which forms a lower oily layer containing the higher alcohols 
and aldehydes ; these, r however, have not come into use. 

The littered spirit is then rectified in a column still. The 
following figures represent tin* output of a still of this kind, 
working on diluted and filtered crude potato spirit: - 

IV r cent. by Volume. 

Fiivt runnings (9f> per cent, strength), ...••! 

Second quality spirit (%'- per cent, strength), . . d 

Kir si quality „ (%'4 per cent, strength'), . • >*7 _ 

Second quality „ (Dli pur cent, strength), . Ov 

The first runnings are too impure for drinking purposes, hut 
are used for burning, for lilts preparation oi vinegar (r./.), and 
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for such technical processes -is the manufacture of mercuric 
fulminate (see /.by>.Wrc.v, Chap. ,\ Y 11.). The sennnl quant Y con¬ 
tains 0‘02 per cent, of fusel oil per IK) parts of absolute airoim., 
ami gives a porceptihle aldehyde reaction. The brt'< r qualities 
contain no fusel oil, ami only a trace of aldehyde. They mUiti- 
title “ silt-fit v spirit, so-called because it allords no indication of 
its origin. The greater portion of this alcohol is Ihnound for 
consumption, as brandy and other spirits, and is used for tins 
fortification of wine. X smaller quant itv i.s employed for phar¬ 
maceutical purposes and the manufacture of essences and scents. 
When “absolute”’ alcohol is required—be., such as approaches in 
strength to 100 per cent, of alcohol —it is made by dehydrating 
tin* weaker spirit by means of quick lime, and redistillation. 

The character of fusel oil depends to some, extent, on the 
material mashed, and on the method of manufacture-tlto 
oil from grain or potatoes consists largely of the amyl alcohols-— 
inactive amyl alcohol preponderating ; that from the marc of 
brandy contains much normal propyl alcohol ; that, from beet 
contains iso-primary butyl alcohol as the predominating con¬ 
stituent. Fusel oil is but. little used; its -ii:ippi!' , .r; !.- are 
as a solvent in chemical indust ries, as a source, of the ethereal 
salts; thus it serves for the preparation of amyl acetate which 
is used for flavouring confectionery and as a solvent, for celluloid 
•■</ r.y A sample of fuse! oil hum potatoes had the following 
..;omposit ion : - - 

iso-propyl alcohol, 

Propyl ,, 
iNorniiil hut) 1 alcohol, 

Iso butyl ,, 

Inactive amyl ,, 

Active ,, ,, 

Higher alcohols, 
hthyl alcohol, Ac., 

Water, 

moo 


Inti 

:hi 
<; r. 

fi o 

<• o 
170 


The preparation of alcohol from calcium carbide was tried a 
few years ago, but proved to be a failure commercially. The 
process consists in passing the acetylene evolved by the action 
of water on the carbide through a solutipn of cuprous chloride, 
cuprous acetylide, Cu 2 C 2 , being formed. On treating this with 
zinc an^ammonia ethylene, £ 2 H 4 , evolved, which is absorbed 
by hot strong sulphuric acid, with formation of ethyl-sulphuric 
acid, C 2 H 5 .HS0 4 , from which alcohol is obtained by diluting 
with much water and distilling. 

Liqueurs. —These alcoholic liquids consist of “silent” spirit 
(q v.) flavoured with vurious essences and containing much sugar. 
They are often artificially coloured. They contain from -10 to 
50 per cent, of alcohol and from 25 to 50 per cent, of cane sugar. 
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Alcoholomctry. I nasmueh as the luxation of .alcohol is a con¬ 
venient source of revenue, much at.tent ion is paid to the strength 
of alcoholic liquors. The most usual method of ascertaining iliis 
value consists in taking the specific gravity of tin; alcoholic 
liquor or of the distillate from it. should it contain soluble non¬ 
volatile, matter, which would affect the, specific gravity. Ihire 
alcohol has a specific gravity of 0 7938 at 15-5° 0. = 00° F., and 
boils at 78 4° C. = 1731° F. When mixed with water the 
volume of the mixture is less than the sum of those of the con¬ 
stituents, so that the specific gravity of mixtures are not calcul¬ 
able, and elaborate tables have been prepared empirically. The 
Excise system of stating alcoholic strength is in terms of degrees 
over or under “proof.” Proof spirit was originally defined as of 
such strength that gunpowder moistened with it would just 
inflame when the alcohol was kindled. Now, it is defined to he 
a liquid of such a specific gravity at 51° F. that 13 volumes shall 
weigh the same as 12 volumes of water at the same temperature. 
Such alcohol has the specific gravity 0-91984 at lfv/PO. ~ 00° F., 
and contains 49-21 per cent, by weight of absolute alcohol 
( -■ 57 00 per cent, by volume). On this basis the term “ under 
proof” means that the spirit contains so much water more than 
proof spirit per 100 measures, as is expressed in degrees below 
proof. Thus 20 IJ.P. means a spirit containing, at GO’ F., 80 
measures of proof spirit and 20 of water, and similarly 20° O.l’. 
signifies a spirit of such strength that 100 measures, at GO” F., 
will be proof spirit when diluted with water to 120 measures. 
Absolute alcohol on this system is 75J O.P. This method of 
computation is obviously irrational. 

Methylated Spirit.—For the advantage of those who require 
alcohol for manufacturing purposes, a spirit is allowed to he sold 
free of duty, under certain restrictions, which is denatured by 
the addition of one part of wood naphtha to nine, parts of 
rectified spirits of wine— is.., the strongest alcohol that can he 
obtained by ordinary distillation without a fractionating column. 
Rectified spirit has a specific gravity, at 60 J F., of 0*838, and 
contains 84 per cent, by weight of alcohol. Wood naphtha (see 
Destructive distillation, Yol. 11., p. 104) was chosen as interfering 
least with the industrial use of alcohol while rendering the 
spirit impotable. Recently, however, it has been alleged that 
such methylated spirit Is consumed as a beverage to the injury 
of the revenue, such consumption being possibly due to the 
greater purity of modern wood naphtha. In consequent^ of this, 
the use of spirit denatured with wood naphtha has been further 
restricted, and much of the methylated spirit now sold js pre¬ 
prepared by adding, in addition to the wood spirit, not less 
than f per cent, by volume of mineral naphtha “of specific 
gravity not less than 0-800.** This mixture is objected to 

*A good deal of the spirit now sold is denatured by the addition of 
2-5 per cent, of a mixture of 4 parts of wood naphtha and 1 of pyridine. 
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bv manufacturers as it becomes turbid on dilution, owing to the 
separation of the hydrocarbons constituting mineral naphtha. 
A different system obtains in Germany, duty-free spirit, being 
there usually denatured by the addition of 2 per cent, of wood 
spirit rich in acetone ami Of) per cent, of pyridine, bases (see 
'lar distillation, Vol. IT., p. 8(>j. Industries for which such 
spirit cannot well lie used are supplied with alcohol containing 
a constituent sufficiently nauseous to prevent the use of the 
spirit as a drink, but unobjectionable for the particular trade 
purpose. Thus, spirit for varnish makers may be denatured 
by the addition of 0T> percent, of oil of turpentine, and spirit 
for motor cars by the addition of T25 per cent, of benzene and 
0•■_'•") per cent, of crystal violet. 

VI. VINEGAR. When wine, beer, or other aleoholie liquor 
containing nitrogenous matter is left exposed to (he air, if soon 
becomes sour from the conversion of the alcohol inf*) acetic acid. 
This change can he effected by oxygen in the presence of porous 
substances —?.</., spongy platinum —the alcohol being oxidised 
according to the equation 

GIl.j.OII t- 0, - (.’ll.j.COOH i- non. 

The oxidation of alcohol, however, in this manner is accompanied 
bv the forma Ton of aldehyde, (TLCOlI, the lowest oxidation- 
product of alcohol. Moreover, vinegar is not merely dilute 
acetic acid, hut contains as essential constituents aromatic and 
extractive matters. In practice, the oxidation of a dilute 
alcoholic liquor is effected by the agency of microorganisms, 
chief among which are Mycod.rma ac.c.li and Hactrrinm arrfi , the 
liquor being spontaneously infected by contact with the air. 
During the growth of this organism oxygen is absorbed and 
acetic acid produced, the mvcoderma forming a skin (mother of 
vinegar) on the surface of the vinegar. It seems that the oxida¬ 
tion takes place without the intermediate formation of aldehyde, 
this occurring only when the mycoderma is losing its activity. 
Succinic acid appears to he formed in small quantity. In the 
course of time the organisms will oxidise the acetic acid itself lo 
H.,0 and CO.,. As in the case of other micro-organisms, it is 
essential that the nutrient liquid should contain mineral salts— 
viz., those of potash, magnesia, ammqnia and phosphoric acid. 
The content of alcohol in the nutrient liquid should not much 
exceed 10 per cent., nor, fur rapid growth, should it he less than 
3 per cent. The most favourable temperature for the growth of 
the organism is about 30° 0. = 81° F. 

There are two main processes for making vinegar. In the one, 
the old Orleans process which is practised chiefly in France, the 
access of air to the alcoholic liquid takes place solely by diffusion, 
so that the acetification takes a considerable time, and the pro¬ 
cess is known as the “slow vinegar process.” In the other, a 
large surface of tin; liquid is expose^ to the air, which is caused 
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to circulate over it, so tlmt the process is completed in a far 
shorter time, on which account it is called the‘‘quick vinegar 
process/’ Rapidity is only obtained at. the cost of alcohol and 
vinegar, which are carried away hv the cireylating air, particu¬ 
larly if the temperature he allowed to rise unduly, it may 
from tin*, more rapid oxidation of the alcohol. 

The slow vinegar process is used for making vinegar from 
■wine, whi' h should preferably he “ full bodied” and one year 
old. Vinegar from white wine is most esteemed. Tin* wine is 
clarified by contact with beech shavings, and is then diluted if 
it contains more than 10 per cent, of alcohol, and run into casks 
of f>0 to 100 gallons capacity, with holes for tie* admission of air, 
and placed on their sides on trestles. These casks have been pre¬ 
viously one-third Idled with stnuig boiling vinegar, in order to 
prevent 1 hem fr*>m flavouring the wine undergoing acetilication. 
After eight days tin* wine is added in quantities of about 2 gal¬ 
lons. this quantity being again added at the end of nverv period 
of eight days until the cask is two-thirds full. Portions arc 
drawn oil't * promote the circulation of air, and more wine is 
added as the process proceeds, the temperature being kept at 
about *J5’0. 77 P. by ventilation or artificial healing. Tin* pro¬ 

gress of the fermentation is judged bv the periodical withdrawal 
of a sample from the lop, a while froth indicating its completion; 
the process takes main weeks to carry out. It is usual to pass 
the vinegar through a rough filter, made of wood shavings or 
refuse from grape presses ; this retains the Mf/co'lrnun, ami com¬ 
pletes the acetilicat ion of the alcohol. Upright tuns with false 
bottoms on which grape-press tvfuse is packed, are .-nun-times 
substituted for casks laid horizontally. In thesis the rate of 
manufacture is somewhat more rapid. 

The quick vinegar process is adapted for the acetilicat ion of 
any appropriate alcoholic liquid, so tit at. it is used in this country 
where vinegar is largely made from the alcoholic wash from a 
malt mash. -Mashing and fermentation are conducted very much 
as in the, process of brewing, save that the wort is well aerated in 
the fermenting vat, in order to induce more thorough fermenta¬ 
tion, and the process is completed at a lower tempera! uro, 
whereby the activity of foreign organisms is diminished. Kor 
the best product ion of vinegar t he wash should he as bright as 
possible, and should, therefore, be allowed to settle and filtered 
before acetilicat.ion. r 

C^uick vinegar vats are wooden vessels, about 15 to *20 foot in 
height, 11 feet in diameter at the bottom and 8 feet at the top. 
The temperature of the vessel is regulated by a tin worm ar # the 
lower pari, above which is a false bottom carry fug a filling” of 
beech wood shavings or twigs, which are previously steamed and 
soured with the vinegar. Above this, and below the lid of the 
vessel, is a revolving sparger of wood or ebonite, though other 
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methods of distributing the wort nwr tin* iwi^ an- uNo in um\ 
Perforations in the upper and low r part <T iin? \r>si , l --rvr tc*r 
the circulation of air, which is sli-Jit iv heuii-d and regulat' <1 In 
closing the air holes above men'.mm-d. Tie- wash i - pump'd 
through tlie sparger and trickles over the tilling, meeting iho 
up-druugTit of air and having its alcohol oxidised to acetic acid 
by the action of the mycoderma, which collects on flic twigs and 
shavings in the form of a slime; this growth necessitates the 
occasional cleansing of the apparatus. The oxidation of tin; 
alcohol is most satisfactory when the- temperature due to the 
heat of the* reaction rises to about 37' <W I' 1 . Too little air 
causes the production of the first product of oxidation of eth\l 
alcohol --aldehyde— which is very volatile and easily detected by 
its characteristic odour. Too much air is also to be avoided, as 
causing volatilisation of alcohol and acetic acid. In any case the 
loss oi alcohol is considerable, averaging l‘J per cent, of that 
contained in the wash. Complete Rectification at one operation 
can be elfected with liquors containing not more than I percent, 
of alcohol, stronger solutions ms-ding repeated treatment, with 
the addition of fresh raw material if a strong vinegar be required. 
Although vinegar containing as much as i'J per cent, of acetic 
acid can be thus produced, the strongest usually manufactured 
is of about heh* this strength. The manufacture of vinegar by 
this process lakes from eight to twelve days. The air from the 
vats is sometimes passed through water to absorb the vapours 
of alcohol, aldehyde and acetic acid which it contains. 

'flte manufacture of vinegar is usually conducted with little 
regard to those principles of fermentation by means of pure culti¬ 
vations which have been worked out for beer brewing, the 
necessity for the presence, of definite organisms, and for the 
exclusion of foreign germs by filtration of the air, being com¬ 
monly ignored. Such diseases as the vinegar ily and vinegar 
cel are in consequence fairly common. 

Vinegar has special characteristics, according to the raw 
material from which it is brewed. Thus, there are found on 
the market cider vinegar, perry vinegar, ale vinegar, ami sugar 
vinegar, as well as the commoner varieties, malt and wine 
vinegar. Malt vinegar is brown and aromatic, owing this latter 
quality to the presence of ethereal salts, chiefly ethyl acetate, 
which is also sometimes added. The several qualities are 
desigmited by mini hers, which express the number of grains of 
dry sodium carbonate which* will neutralise ! fluid ounce of the 
liquor. The specific gravity of malt vinegar varies from 1 *021 to 
l-Olh?, and it contains from 3 to (> per cent, of acetic acid, besides 
a little alcohol, alid 5 to 6 per cent, of extractive matter. In 
order to preserve weak vinegar it is legally permissible to add 
0*185 per cent. o*f sulphuric acid, but the practice is not adopted 
by manufacturers of repute. The expression “proof vinegar” 
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moans vinegar containing 'I per coni. of acetic acid. Wine 
vinegar is pah? yellow it’ made from white wine, and reddish- 
brown when made from red wine. It. is more alcoholic than 
malt vinegar, and, therefore, has a lower specific gravity, l*Ull 
to 1*022; it contains from 6 to 12 per cent, of acetic acid. 
Potassium bitartrate, usually present to the extent of*0*25 per 
cent., is a characteristic constituent. 

Malt vinegar is sometimes distilled, the product being known 
as white malt vinegar. Factitious vinegar is made from the 
acetic acid obtained by the destructive distillation of wood, 
diluted with water coloured with caramel and flavoured with 
ethyl acetate. The bulk of cheap vinegar sold in this country 
is of such nature. It does not contain the phosphates, tartrates, 
and nitrogenous matter characteristic of genuine vinegar. 
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CHAPTER X. 

OILS, RESINS AND VARNISHES. 

I. FATS, LIQUID AND SOLID. AH greasy substances <>f 
animal ami vegt table origin may Ha classified as oils, im-luding 
in the term solid oils (tats) and liquid oils (oils in t he limited 
sense of the word). Those substances are characterised by their 
unctuousness, by their insolubility in water, solubility in such 
solvents as ether, benzene and carbon bisulphide, and bv their 
leaving a greasy stain on paper, which does not disappear by 
evaporation. Chemically, they are ethereal salts of the fatty 
acids: * the alcohol radicle of the salt is generally that, of 
glycerin (glyceryl), but in certain waxes (liquid and solid) 
radicles of higher alcohols than glycerin orcur. The. misnomer 
glyceride is conventionally applied to fats of the former class. 
The number of fatty acids found in oils is large, but the chief 
occurring in oils of industrial importance may be given : 


(•ciiciitl Formula. 

Name. 

! Formula. 

Mi Hill. 

I'olUt. 

CJb, l+1 t'OUU 

| Butyric acid 

i’~. 

C3H7C00H 

- :rc.- 

27" F. 


Valeric acid 

! (’ 4 h.,< ooh 




! Laurie acid 

Ubjii-ibooH 

i:i.rc. 

11 ft" F 


j Palmitic acid 

! C,r,lR,COOH 

02" C. = 

144" F. 


I Stearic acid 

< , itIIv.CO()H 

70' C. 

!f>S" K. 


; Atac.hidic acid 

0 „ii 3 . ( rooH 

7 r>c. = 

107 1-’. 


f Orotic acid 

S <: M 11 M C00I1 

8ir»'(j. = 

17TF. 

C„H 2 «-iCOOH 

j Oleic acid 

| (hylfnCOOH 

1 4" (/. 

.">7" F. 


j Du-glic acid 

ICiAM-OOH 

nrc. 

01 F. 


j Kriieie acid 

; c..,H4,roon 

34' (J. - 

y:r f. 

<'Jb n - 3 COO]I 

Luiolcic acid 

UkILuCOOII 



r n ib„. fi cooii 

j Linolenic acid 





1 Iso-liiiolenic a< 

id r 17 ii r y:ooH 



llicinol* it: iici.l 

c, 7 ii t .<oH)(’ooh 




i Iso-ricinoleic acid (Jj 7 H)(’ 0 < >Ll 
; Jiapic acid \ CnH ff 2 (OIl)(‘OOil 


- % -- 1 

Tim majority of solid fats consist largely of glyeryl stearate and 
palmiVite.f The radicle glyceryl (C S *H 6 ) takes the place of 3 atoms 

• 

* Acids belonging *0 the fatty as distinct from the aromatic series, not 
necessarily homologies of acetic acid. • 

+ The terms stearin, palrnitin., and olein are used as synonyms for 
glyceryl tripalmitate, triatearate, and trioleate respective!v. 
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ot hydrogen. so that, the formula' i<>r the above salts are 

0O),C :; H, ami f( *.11 ; .|('()()). { ('..II (1 The predominant 
constituoni. in most liquid fats (oils) is glycerol oh.-ale, 
(<’,;] II (>) s ( 11 5J while “drying" oils (v.i) contain glyceryl 
sails ot (In 1 acids ot tint 1 in<»l<‘i*• and iinolenir soi'ie*. Tl,«» 
sj.c<-ilie gravity of oils and lats which have these suhslances as 
their child constituents is lower than that <•!’ water, \ar\ing 
fi"in O’lMU to 0-0.»7. Mixed glycerides that is, glycerides con¬ 
taining diilcreni. acid radicles coinhined with the same glyceryl 
radicle, 0.,I1 6 —have lately I ecu shown to occur in many fats 
and oils. 

The fats and oils have no boiling point <, derom posit ion set’it eg 
in when they are heated to 'JUO' to d0<> ('. . T.rj to d7_ I’. 
Tiny eannof he dhlilh-d without decomposition, even umhr 
re iuced pressure, in this respect contrasting with the fatty 
aei.U from which they are derived. Towards the higher limit 
of temperature given above, darkening generally occurs, carbon 
dioxide and much acrid vapour containing acrolein (t’. ll COM) 
being evolved. On exposure to air and light, all oils and fats 
gradually stiller change. A distinction may be drawn between 
those, which tend to “dry”— i.e., to become converted by oxida¬ 
tion into solid resinous substances*—and those which do not 
exhibit this property (“non-drying oils”). The latter instead of 
drying become rancid. This change appears to be independent of 
bacterial action, and of that of unorganised ferments, and to need 
the conjoint influence of air and light. It results in the pro¬ 
duction of free fatty acids, generally poorer in carbon and richer 
in oxygen than are those characteristic of the fat, but the degree 
of rancidity, as implied by the nauseous smell and taste of the 
fat, has no direct relation with the percentage of free fatty 
acid. Aldehydes also appear to be produced. Nitrogenous 
substances, which are constant constituents of unrefined fats 
and oils, both animal and vegetable, appear to increase the 
rate at which rancidity develops. The breaking down of 
the fat into fatty acids as the main product must be accom¬ 
panied by the decomposition of the glyceryl radicle, or the 
liberation of the glycerin corresponding therewith, but the 
exact fate of this constituent of the fat is at present un¬ 
known. Rancid fats % usually contain less glycerin than the 
fresh fats. 

Like other ethereal salts, those^of glyceryl are capable of con¬ 
version into the corresponding alcohol (glycerin), and an acid or 
salt of that acid. The terrn hydrolysis may be used to signify 
this change, however produced; true saponification (y.f.) is a 
particular case of hydrolysis. Thus, treatment with water at 
a high temperature resolves glyceryl palmitate in the following 
maimer 

* Compare the drying of linseed oil described below. 
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(C li ,ir ll { , o ( >!.C : .H, i- 31! 0 C II.(OII)j + nr.-H.jl'nnll 
oi.wvnl jwlmilJiU'. Oljtviin. i’nlimlu' 

This may :iU> In* effected by healing with sulphuric arid, the 
exact rationale of this change being scarcely understood, or hy 
heating with a sufficiently powerful hast*, with which the 
liberated fatty acid will combine, tin* process being known as 
saponification, -\y.:. 

(C.-H .Oh rjl ;> . 3\ : iO!I t'.lli'dU, \- :K , r ll,.ron\a 

Ol\.vijl 'ilt iitc Olwvnti. Stutmni 

' 1 'ho group of fat tv bodies known as waxes (tin* term including 
both liquid and solid substances) i:» sharply distinguished from or 
dinary hits and oils in that, its members do not contain glyceryl, 
but are ethereal salts of alcohol radhdes \vhich can be substituted 
only tot* oik 1 atom of by drogeii • instead of three), lb us, beeswax 
contains the radicle of mvrieyl alcohol (U.,, 1 l„, ( >1 l)> being mvrieyl 
pulniitate. t' ( 11 ..,()( H >{(•,. ( 11 (;) ). din* waxes are generally more 
stable m air than an* glyceryl derivatives, showing no tendency 
to drv or to become rancid. On hydrolysis, they yield t heir 
characteristic alcohols and acids in a manner similar te. that ot 
t>rdinarv fats, I hough Usually with somewhat greater <lillii*uli \. 

.Mthorn'll se\eral ethereal salts may he regarded as tin* pre¬ 
dominant ccMis, it uen(> of specified fats and oils, yet, each indi¬ 
vidual fat or oil invariably contains two or more, ethereal salts, 
similar in properties and difh*ring hut little in ultimate compo¬ 
sition. The difficulty met with in attempting to separate the 
pfoximat'- <*onslilVe*nts has given rise t.e> the use of indirect 
methods of analysis a,ml investigation, which although they do 
not in all eases determine accurately the nature ami proportions 
of the constituents of any given oil, yet afford data sufficient, for 
determining tdie identity of any given oil, and for giving an 
insight into its composition, dims, the percent nge. of halogen 
(notably 1 and Hr) which an oil will absorb under standard 
conditions, gives a measure of its content of ethereal salts of un¬ 
saturated fattv acids ; this value, is termed tin* iodine or bromine 
number or absorption. Similarly, although it, is impracticable to 
determine the molecular weight, or even the equivalent weight 
(because of the difficulty of complete proximate analysis), of the 
several constituents of an oil, with the view of ascertaining the 
nature of each ethereal salt present, yet a mean number for this 
value, eha^icterising different classes of oils may be obtained 

from the percentage of base neutralised in the saponification of 
the oil. The mean equivalent weight of the oil— i.e., the weight 
of oil expressed in grammes saponified by one equivalent 
(•">(5 grammes) of potash—is termed the saponification equivalent. 
The results are, Jiowever, often stated as milligrammes of 
potash required for the saponification of 1 gramme of the oil, 

10 
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this value being termed the saponification value or number of 
the oil. In the same way, the acid value represents the number 
of milligrammes of potash required to neutralise the free fatty 
acids in one gramme of the oil; for perfectly neutral oils it is 
nil. By subtracting the acid value from the saponification 
value the ether value is obtained, which is a measure of the 
amount of potash required for the saponification of the neutral 
esters present in the oil. 

Thus, oils consisting chiefly of ethereal salts with a high 
equivalent weight have a high saponification equivalent, and 
those with a low equivalent weight a low saponification equiva¬ 
lent. Examples of each will be found below. 

PREPARATION AND PROPERTIES OP THE CHIEF 
COMMERCIAL FATS AND OILS.—A convenient classifi¬ 
cation of the chief commercial fats and oils is that employed by 
Allen, which is based on a joint consideration of the origin, 
properties, and constitution of the oils and fats classified. 

(1) Olivo Oil Group.—The members of this group are liquid 
vegetable oils containing glyceryl oleate as a principal con¬ 
stituent. They are non-drying oils, and are very liable to 
become rancid. Their specific gravity ranges from 0*914 to 
0*0*20. Their halogen absorptions and saponification equiva¬ 
lents are moderate. Thus, the iodine absorptions are from 80 
to 100, and the saponification equivalents from 285 to *200. 
They show great tendency to solidify when treated with nitrous 
acid, this solidification, characteristic of these oils, being known 
as the elaidin reaction, by which solid isomeric bodies of the 
same molecular weight are produced. 

The chief members of this group an? olive, almond, and < arth- 
nut oil. 

(2) Rape Oil Group.—These are liquid vegetable oils from 
the CruciJenv containing glyceryl salts of acids of the oleic 
series, the most characteristic being brassic or erucic acid, 
C., 1 II 41 COOH. The high equivalent weight of this acid gives 
these oils high saponification equivalents— e.g ., 315 to 330. 
Glyceryl salts of acids of the rieinoleie series are also present. 
These oils have a distinct drying tendency, indicating than they 
contain glyceryl salts of acids more unsaturated than those of 
oleic acid, a fact borm* out by their comparatively higli iodine 
absorptions— eg ., 07 to 105. Their specific gravity ranges from 
0 913 to 0 920 ; they form semi-solid elaidins. The chief repre¬ 
sentatives are rape oil and mustard oil. 

(3) Cotton Seed Oil Group.—These are liquid vegetable 
oils ranging in specific gravity from 0 917 to 0*926. They ail 
dry slowly and imperfectly, and are thus distinguished from the 
true drying oils. As might be expected from the fact that they 
dry, they have a fairly high iodine absorption (105 to 130), while 
their saponification equivalent is similar to that of oils of the first 
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group. They yield semi-solid elaidins. The chief members are 
cotton seed, maize, sesame, and sunflower oil. They probably 
contain glyceryl salts of acids of the linoleic and linolenie series. 

(4) Linseed Oil Group.—These are the true drying oils; 
they are characterised by a high specific gravity, 0'924 to 0*938, 
and a high iodine absorption, ranging from 133 to 170. The 
saponification equivalent varies from 2(>8 to 300. They con¬ 
tain glyceryl salts of unsaturated fatty acids, such as linoleic, 
linolenie, and iso-linolenic acids, which are capable of oxidation 
and the production of varnish-like bodies (tiiis change consti¬ 
tuting the drying of the oil). The principal members are 
linseed, poppy-seed, and walnut oils. 

(5) Castor Oil Group.--These oils are distinguished by their 
great viscosity and high specific gravity (0 1)37 to 0 970). 

Certain of these, notably castor oil, contain the glyceryl wilt 
of rieinoleio acid as a characteristic constituent. The group is 
not otherwise possessed of distinctive qualities ; the following 
oils are conveniently included lu re, as not falling into any of 

the preceding classes;.Castor, croton, cureas, und Chinese 

wood oil. 

(fi) Palm Oil Group. These are vegetable oils solid at the 
ordinary temperature. Their characteristic constituents are the 
glyceryl sabs . »f .-atmated fatty acids lower in the scries than 
stearic acid—c. 7 ., palmitic acid. Their iodine absorptions (from 
'lie fact that saturated acids are mostly present) are low (31 to 
< r >4). Their saponilication equivalents arc also low (277 to 2 K(>). 
On account of these oils being solid at the ordinary temperature, 
their specific gravities at 1 .V (J. — 59° F. are not comparable 
either among themselves or with those of other oils. The de.ter¬ 
mination nf the specific gravity of oils solid at the ordinary 
temperature,-is generally made at 100° C. -- 212' F., and com¬ 
parison is then practicable. Thus, at this temperature the 
specific gravity of palm oil varies from 0*857 <0 0*8fil. All 
these oils arc liquid above ItV (J. — 113° F. The chief members 
of the group are palm oil, cocoa butter ami illipe oil. 

(7) Coco-nut Oil Group.-—These are also vegetable oils 
solid at the ordinary temperature. Their melting points are 
all below 30' 0 . .-. 8 fi" F They are characterised by containing 
the glyceryl sails of acids of the acetic series which are volatile 
with steam at 100 0. 212° F.— c.</., lauric acid. Their specific 

gravity at # l00 varies from 0*808 to 0878. The iodine 
absorption is generally low (7 to 15), and the saponification 
equivalent is also low (209 to 270). The chief members of the 
group are coco-nut oil, palm-nut oil and laurel oil. Two vege¬ 
table oils, somewhat analogous in respect of the fact that they 
are solid at the ordyiary temperatuie, are Japan wax and myrtle 
wax, which are included for convenience in this group. They 
are not characterised, however, by the presence of glyceryl salta 



244 


OILS, RESINS AND VARNISHES. 


of the lower acids of the acetic series, Japan wax consisting 
mainly of glyceryl palmitate, and myrtle wax having a similar 
composition. 

(8) Lard Oil Group.—These are animal oils, liquid at the 
ordinary temperature, and consisting chiefly of glycefyd oleate. 
They do not dry ; their specific gravity at 15° C. - 59 If. varies 
ftoin 0-914 to 0-910; their saponification equivalent from 290 
to 299 and their iodine absorption from 55 to 75. The chief 
members of the group are neatsfoot oil, bone oil, lard oil, and 
tallow oil, the last-named pair being expressed from lard and 
tallow respectively. 

(9) Tallow Group.—These are animal oils, solidjit the or¬ 

dinary temperature. They are all liquid above 58° 0.-136’ 
F. They consist essentially of glyceryl stearate, palmitate and 
oleate, the proportions of these, bodies determining their Con¬ 
sistence. Their speeilic Brevity at 100” ('. 212" F. varies from 

0-856 to 0-870, the. latter iiguro being reached by butter hit, 
which is otherwise abnormal (c.i.). Their saponification equiva¬ 
lents (except that of butler) vary from 283 to 203; iodine 
absorption 33 to .(12. The chief members of the group are beet 
and mutton tallow, lard, horse fat, hone fat and butter fat. 

(10) Whalo Oil Group.—These arc marine animal oils con¬ 
taining glyceryl salts of fatty acids of flic oleic scries, although 
the drying tendency of many members lends probability to the 
belief in the presence of more easily oxidisable fatty acids; m 
this respect they resemble oils of the cotton seed group. Their 
specific gravity at 15’ ('.--ah” F. varies from 0-911 to 0-933; 
their saponification equivalent from 250 to 30b, and iodine absorp¬ 
tion from 99 to 106. Many oils of this group are distinguish, d by 
their content of the moiioliydric alcohol, cholesterol, C.,11 ;J U 11, 
occurring either in the free state, or as the salt ot a fatty acid. 
The chief members are whale oil, seal oil, menhaden oil, cod- 

liver and shark-liver oil. 

(11) Sperm Oil Group.—These oils (which are liquid at tiie 
ordinary temperature) do nob contain glyceryl salts, but ate essen¬ 
tially ethereal salts of sueh monohydric alcohols as dodeeatyl 
alcohol, C,„H.,,011, and pentakaidecatyl alcohol, O j6 H m OH ; the 
acids forming'tlie salts are oleic and its homologue doiglic.^ The 
specific gravity of these oils is from 0-875 to 0-884 at 15 C.= 
59“ F Their saponification equivalent varies from 380 to 456 
and iodine absorption from 80 to 85. The chief members are 
sperm oil and dcegling or bottle-nose oil. These oils may he 
regarded as liquid waxes. 

(12) Wax Group.—The, members of this group do not con¬ 
tain glyceryl salts, and thus resemble those included in group 

•Cholesterol, os well as two similar bodies termed sitosterol and phyto- 
sterol, are also found in very small quantities in other animal and. 
vegetable oils. 



METHODS OF W1NMXC AND KKFIMNO ANIMAL OILS 24f» 


(11), but are distinguished from them hv being solid at the 
ordinary temperature. The principal salts contained in these 
waxes are cetyl and myricyl palm it at os, and ccrvl and tnyrieyl 
cerotates. Their speeilic gravity at 100° <> -- 21'J' l*'. ranges 
from O'iSCK^lo U'842. Tin y are all liquid above t'8'O.-- 190° F. 
Their saponification equivalent is high, ranging from 438 to 900. 

TYPICAL PROCESSES OF WINNING AND 
REFINING FATS AND OILS. 

(1) Mothod.s of Winning and Refining Vogotablo Oils.— 
(o) Oils from Seed and Fruit. - Tin 1 seed is either decorticated 
or not according to (he quality of oil-cake to ho produced, and 
crushed under stamps or between edge runners or rollers. The 
crushed product is then submitted to pressure (generally in an 
hydraulie press), either cold, when a comparatively small yield 
ot mild-flavoured oii is obtained,'*' or hot, when tin- maximum 
yield possible by pi osure results. In the latter ease the crushed 
seed passes from the rollers into a steam 1. a ted Kettle where it 
is sprinkled v.iih water, the moist hot mass then going to the 
presses. The crude oil, containing debris from the seeds, dis¬ 
solved rosinen- matter, colouring material, albuminous and 
peetinous subs1aneos and free fat ly acid, is refine,:! by subsidence,. 
filtration through cloths, »Ve., by gravitation or pressure, and 
treatment with 1 to 2 per cent, of strong sulphuric arid (which 
chars albuminous matters), followed by alkali to decompose any 
sulphonie acids that may have been formed, and washing with 
water. After refining, oils may he improved in colour by filtra¬ 
tion through animal charcoal, exposure to sunlight and treatment 
with oxidants- -e.y., potassium permanganate. 

(/>) Vegetable Waxes.- -These are often rendered in th<; manner 
to be described for animal fals, or art 1 extracted with a volatile 
solvent. If direct pressure Is; used, a higher temperature is 
requisite than is needed for ordinary seed oils, on account of the 
high solidifying point, of vegetable waxes. 

(2) Mothods of Winning and Refining Animal Oils.—The 
process most generally in use is known as rendering. It is 
simpler than that necessary for the extraction of seed-oils, the 
reason being that much fat-containing material from animals is 
not only richer in oil than are seeds and the like, but also is 
enclosed loss impervious envelopes, animal membranes being 
less stable and mechanically resistant- than are the cellulose 
hu.'.ks and shells characteristic of vegetable, oil-bearing materials. 
It is thus suflieient to boil the fatty matter with water or steam, 
and collect the oil which comes to the surface, hi many cases, 

* The oil resulting from this process of extraction is known jib “cold- 
drawn.” 
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notably in winning marine animal oils, it suffices to allow the 
oil-bearing organ (e.</., the liver) to soften by putrefaction, the 
oil draining out and the residue being rendered by moist heat. 
Purification is usually less elaborate than that requisite for 
seed-oils, and consists in rendering afresh with hot water or 
brine, or with dilute sulphuric acid. 

(•1) General Method of Extraction by means of Volatile 
Solvents.—The most rational method of winning oils when a 
maximum yield is the primary object to be obtained, is that 
used in the laboratory—viz., the repeated extraction of the oil¬ 
bearing materials with a volatile solvent, which is continually 
recovered by distillation and used again, the whole apparatus 
being typified by the well-known Soxhlet extractor. The ex¬ 
traction, however, is liable to remove substances other than 



A, Tank ; B, extractor ; d, perforated false, bottom; d 1 , perforated plate; 
D, still; 0, worm ; /•, cock ; J\ steam pipe,; e , pipe communicating 
with the worm, C ; /, pipo leading from the still, D. 

oil— e.y., unsaponifiable matters of the class of cholesterol, and 
resinous substances. The process is, therefore, chiefly used 
for extracting residues from other methods of winning. The 
material is either extracted systematically in a series of steam- 
jacketed tanks or dis^ontinuously in an apparatus similar to 
that shown in Pig. 39. 

The material—the residue from olive oil presses—is 
packed into the extractor, B, and carbon bisulphide is pumped 
from the tank, A, into the .extractor, which it enters beneath 
the perforated false bottom, d. It percolates through the 'matter 
to be extracted, through the perforated plate d\ and passes into 
the still, D, through the pipe shown at d 1 . The carbon bisulphide, 
containing oil in solution, is distilled in D by closed steam, the 
vapour being condensed by the worm, C, and the liquid collecting 
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in the tank, A. Tin* process is continued until a sample of die 
solvent drawn from the cock, k, found free from fatty matter. 
Steam is then injected under the false bottom of the extractor 
through the pipe, J\ ami the residual solvent thus distilled 
through the pipe, e —communicating with the same worm as 
that fittefi to the still—into the tank, A. All the fat will 
ultimately remain in the still, 1), whence it is drawn l»v the 
pipe, (.. Carbon bisulphide is, in many respects, the best 
solvent for fats and oils, but its use is somewhat risky on 
account of its low boiling point (Iff' <’. 11ft” l\) and inllam- 

mability. Other solvents are used, notably benzene, ether, and 
light petroleum. Carbon tetrachloride, which is uninllammahle, 
has also been proposed, but its preparation is somewhat, costly. 
It is usually prepared bv acting on carbon bisulphide with 
chlorine at a temperature of 20" to 40" 0. (58° to 101“ K. It 

has also been proposed to heat carbon bisulphide with sulphur 
(.•blonde in the presence of a small quantity of iron, when carbon 
tetrachloride is formed according to the equation— 

CS., -!• •JS.CI, <V|j : US. 

PROPERTIES AND USES OP TIIE CHIEF COM¬ 
MERCIAL FATS AND OILS.—Olivo oil is obtained from 
the fruit of s vcral varieties of the 0l<n /wmyaw, the quality 
of the oil varying • slight ly with the class of tree yielding 
the fruit. The nearly ripe, olives, containing .40 lo oO per cent, of 
oil, are generally lirst submitted to slight band pressure, whereby 
the “virgin oil” is obtained. The yield of this is very small, 
the bulk of the oil being obtained by crushing the flesh in 
edge-runners or between rollers, followed by moderate pressure, 
the first product being the best.. The marc or press-cake is 
broken up, stirred witii boiling water, and t hen mure strongly 
pressed; the second marc is similarly treated, the stones also 
being erushed and very strongly pressed. Eaeh succeeding ex¬ 
traction yields an oil inferior to that preceding it; and tlio 
residual oil in the final press-eake may b 1 obtained by extraction 
with volatile solvents. Inferior olive oil, not lit for dietetic 
purposes, but used for lubrication, although containing 7 to 8 
per cent, of free oleic acid, is known as gallipoli or engine oil.* 
Sometimes tin*, kernels ate crushed or extracted separately, 
yielding olive kernel oil, which is similar to low-grade olive oil. 
The yield of oil is some 20 to 40 per cent of the weight of the 
fruit, (flive oil possesses the colour characteristic of the fruit, 
its green tinge being due to chlorophyll. It has a mild flavour 
when fresh, but becomes rancid more readily than true seed oils. 
It consists of about 70 per cent, of glyceryl salts liquid at tho 

* This unsuitable Material is being rapidly superseded by mineral lubri¬ 
cating oils. 
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ordinary temperature (chiefly oleate), the remaining 30 per cent, 
being chiefly glyceryl salts of fatty acids of the. acetic series 
(notably palmitic acid); these partially separate on cooling to 
about 10° C. -= 30° 1<\ The specific gravity of olive oil varies 
from 0-014 to 0-017 at 15° 0. 59 7 F., its saponification equi¬ 

valent is 285 to 200, and iodine absorption 81-5 to 84*5. The 
oil is often adulterated with cheaper oils of about the same 
specific gravity, such as cotton-seed and sesame oil. Lt is used 
for eating, lubrication, burning, making Turkey-red oil (q.v.), 
and soap making. 

Almond oil is obtained from both sweet and bitter almonds, 
but must not be confused with oil of bitter almonds (benzal- 
dehyde). it much resembles olive oil, but is generally less 
coloured. It is used chiefly in pharmacy. 

Earth-nut oil (arachis oil, ground-nut oil, pea-nut oil) is 
obtained from the fruit of Arachis hyputptn by drying and press¬ 
ing, some 40 per cent, of oil being obtained as the gross yield ot 
several treatments, 15 percent, being about tin* content of the 
seeds. The cold-drawn oil is used for eating instead of olive oil, 
the remaining portions serving for lighting and soap making. 
The pressed oil cake, containing some 8 per cent, of oil, is used 
as cattle food. Earth-nut resembles olive oil in composition, 
save that a part of the glyceryl pal mi talc is replaced by glyceryl 
araehiduic, and part of the glyceryl oleate by glyceryl hypogreute. 
Arachidic acid has a melting point as high as 75° O. = 1(>7° I 1 '., 
and its isolation and identification are used as a means of detect¬ 
ing and estimating tin? oil when present as an adulterant. The 
specific gravity varies from 0-910 to 0-920; saponification equi¬ 
valent, 289 ; iodine absorption, 91 to 105. 

Rap© oil ( coha oil) is obtained from varieties of Jirassica 
campcstris, the seeds being crushed, heated, and pressed in the 
manner described as characteristic of seed oils. The crude oil 
is refined by treatment with sulphuric acid, sometimes followed 
by alkali to remove traces of sulphuric acid and also free fatty 
acid resulting from the action of the sulphuric acid on the oil 
itself. The residual cake is used for manure. The oil-content 
of tin; seeds varies from 30 to 45 per cent., the yield from 28 to 
30 per cent., and the quantity of oil left in the cake from 7 to 
10 per cent. Rape oil contains glyceryl oleate and erucate, 
stearate and rapate. Its specific gravity is from 0-914 to 0-916 
at 15° C. - 59° F.; saponification equivalent, 314 to 328; iodine 
absorption, 97 to 103. It is chiefly used for lighting and lubri¬ 
cation, and as an adulterant for olive oil. It is often adulterated 
with cotton-seed oil. Its viscosity is greater than that of any 
ordinary fatty oil, except castor oil, and is therefore taken as an 
arbitrary standard in viscosiipetry. Rape oil becomes gummy 
on exposure to air, but does not actually dry. 

Cotton-seed oil is expressed from the seeds of various species 
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of Cnssifi'iirni alter the cotton it self lias been removal. The seed 
and its cortex tire ear through ami parted by screening in a 
sejiarator. The decorticated seed is then crushed for oil m the 
ordinary wav. Decortication is partieularly necessary for cotton 
seed, inasmuch as the oil cake lefi after expression of the oil is 
used for cattle feeding, a purpose lbr which it. would he untit ted 
were the hulls sulfered to remain. The content of oil in the 
decorticated seed is from lit.) to 25 per cent.; tin* yield is about- 
In to 20 per cent., and the oil cake retains about 10 per cent. 
The crude oil is dark in colour, and contains much peeiiimus 
matter. The colouring constituent is removed by treatment 
with alkali, and the alkali salt tormed becomes blue on oxida¬ 
tion (cottoil-seed blue). The specific gravity of refined cotton¬ 
seed oil varies from 01)22 to 0-H24, its iodine absorption from 
H)f> to 100, and sajtonifieal ion eijuivnlent from 2So to 201. It. 
has a slight, tendency to dry, and is used as a substitute (ad¬ 
mittedly or fraudulently) for olive oil in rooking, as a. eonstit ueut 
of margarine, for soap making, and as an adulterant for most 
dearer oils and for making factitious lard. I tv freezing cotton¬ 
seed oil, the glyceryl salts, which are solid at low temperatures, 
are separated, constituting cotton-secd steal in, which is used as 
an ingredient of margarine. ( otton-seed oil consists ehictly of 
the glyceryl s-lts of oleic and linoleie acids, the drying pro¬ 
perties of the oil being due to t he latter. 

Maizo oil is contained ehiell) in the genu of (lie grain, and 
is won by removing the germ previous to using the maize for 
spirit making, and pressing the separated germs in the ordinary 
manner. About Id per cent, of oil is obtained, the residue con- 
sl ilut ing feeding cake. Maize oil is a yellow li'piid of specific 
gravity t) - '.>2H to 02i2d, iodine absoiption I hi to 122, and saponi¬ 
fication equivalent of 2S0 to 21HJ. I he. oil is used for lighting, 
lubrication and soap making. 

Sesame oil is another example of the cotton seed oil group. 
It is obtained by crushing the seeds of Swim tan mbe/e/c. com¬ 
monly called til-.'-ca/. The seeds contain 17 to dt) per cent., of 
oil. The oil has a specific gravity of 0*1)21 to 01(21. an iodme 
absorption of 102 to 110. and a saponitieation equivalent of about 
21)1. It is used as a food in place of olive oil, and is sometimes 
mixed with the latter as an adulterant; it. is also employed for 
burning, lubricating and soap making. Sesame oil contains 
some 70 per cent, of glceryl oleate, the remainder containing 
glyceryl s*lts of acids of the acetic series. 

The semi-drying properties of oils of the cotton-seed class are 
probably due to the presence of glceryl salts of acids of the 
linoleie and linoleum series. 

Linseed oil is bv far the most important of the drying oils. 
It is obtained from the seed of the flax plant, which contains 
30 to 35 per cent, of oil, the yield by pressing being about 2 b per 
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cent. The seed is crushed in the manner already described, 
and the oil cake used for cattle food. The oil is refined by 
treatment with a small quantity of sulphuric acid, with sub¬ 
sequent, washing. Linseed oil, as obtained by simple pressure 
and relining, is known as raw oil, but when the oil has been 
healed to enhance its drying properties it is known as “boiled 
oil,” and in that state is used as a vehicle for pigments. Accord¬ 
ing to recent researches, linseed oil consists (disregarding the 
small quantity of glyceryl salts of acids of the acetic series 
solid at- the ordinary temperature, which it contains) of some 
G5 per cent, of the glvceryl salt of iso-linolenic acid and 15 per 
cent, of that of linolcnio acid, 15 per cent, of the glyceryl 
salt of linoleic acid, the remainder (5 per cent.) being glyceryl 
oleato. Linseed oil is generally yellow, hut sometimes has a 
greenish tinge; its specific gravity varies from 0*930 to 0*937 ; 
iodine absorption 155 to 170; saponification equivalent 288 to 
300. The characteristic property of linseed oil is that when 
spread in a thin film it dries to a varnish-like surface. The 
changes involved in this process are not fully understood. The 
oxidation of the oil involves the transformation of the acids 
named above into anhydrides of hydroxy-acids, one of which 
anhydrides is lermed linoxyn. Glycerides of the hydroxy-acids 
themselves also exist in the dried oil. The precise composition 
of linoxyn is disputed, but it appears to be the chief constituent 
of the film produced by the drying of linseed oil, and to owe its 
value largely to its insolubility in most menstrua. What lias 
been said here with regard to linseed oil, applies also to other 
drying oils, which dry the more readily the more linolcnio and 
iso-linolenic acids they contain. The quality of commercial 
linseed oil varies considerably, that known as Baltic being 
esteemed the best, while. East Indian or Calcutta is inferior. 
Generally speaking, oil with a high specific gravity and iodine 
absorption is of better quality than that in which these analy¬ 
tical constants are low. Boiled linseed oil is prepared by heating 
the raw oil, either by a free (lame or by high-pressure steam, 
to a temperature varying from 130° C. = 200° LA to 200° G. — 
392° 1A for several hours. Sometimes air is blown through the 
oil, and in all cases “driers” are added.* These bodies—types of 
which arc litharge and manganous borate —probably act as 
carriers of oxygen. Only a small proportion of the drier added 
is dissolved by the oil. The drier is added to the extent of about 
5 per cent, of the weight of the ml, and is first ground with oil 
to allow it to mix readily with the bulk. About 0*3 to 1*5 per 
cent, remains in the boiled oil produced. The. process of boiling 
is probably one of polymerisation and liiqited oxidation ; the 
appearance of ebullition is not due to true boiling, but to th« 
escape of gaseous products oV decomposition.* Boiled linseed oil 

* In the parlance of varnish-makers, a boiled oil is one which lias been 
heated alter the addition of driers. It is sometimes customary to add the 
driers to the heated oil aftfcr it has cooled. 
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is darker than the raw oil, higher in specific gravity (0*937 to 
0*952), and lower in its iodine absorption. It is frequently 
adulterated with rosin oil, which itself dries imperfectly. 

When the boiling of linseed oil is pushed very far, a much 
larger amount of polymerisation and oxidation occurs, and the 
product is viscous, stringy, but not greasy, and forms the basis 
of printing ink. This process is conducted without tin 1 addition 
of driers, and is sometimes continued until the oil takes tire. 
Another product of the same type is the oil used for linoleum 
making. Most of this is prepared by exposing linseed oil 
already partly “boiled," but without appreciable darkening, to 
the air on sheets of textile material called “ scrim’’ at. a tem¬ 
perature of about 21' 0. ' -70 u F. During this change much 
acrolein is evolved by the oxidation of the glyceryl radicle of 
the oil. The product, which is a tough translucent, gelatinous, 
non-greasy mass, is heavier than water ; it is inciu’porated with 
cork powder and gum resins and formed into sheets. Recently, 
attempts have been made to expedite the oxidation by blowing 
air through the warm oil, instead of exposing it on scrim. 

Blown oils are mm drying, or partially Irying, oils, rendered 
very viscous by blowing air through the hot oil. They are used 
to impart viscosity to mineral lubricants. The change effected 
by blowing m;*v be judged from the, following figures for blown 
rape nilSpecific gravity at 15° C. - 59° F. 09G7, iodine number 
Go-fi, saponification equivalent 280. Blowing wit It oxygen has 
also been suggested. 

Castor Oil is made from the seeds of liicimi .* <•<unuimnn, of 
which there are two kinds, the small and large seeded. The 
former yields the better oil (used in medicinei, and is cold 
pressed. The refining is performed by adding a pint, of water 
to a gallon of the oil, and boiling until the water is evaporated 
and the mucilage deposited. The larger seeds are generally 
roasted, crushed, ai d boiled in water until tin* oil rises to the 
surface and can be collected. The seed contains about 55 per 
cent, of oil, 50 per cent, being about tin* yield obtained by 
several pressings. I'asfor-oil seeds contain a nitrogenous prin¬ 
ciple, ricin, of marked poisonous and purgative prop-olios; the 
presence of a trace of'this substance in tin* expressed oil probably 
imparts to it. its well-known purgative property, faster oil lias 
a specific gravity at Iff 0. 59 F. of (Jd^eS to 0*970, a saponifi¬ 

cation equivalent of 509 t o 319, an iodine absorption of 84 to 85. 
Its viseof#ty is very high—vie., 1,100, taking the v iscosity of 
normal rape oil at G0' J F. as 100. It is further characterised by 
its solubility iu alcohol and sparing solubility in petroleum 
spirit. The characteristic constituent of castor oil is glyceryl 
ricinoleato, with which small quantities of the glyceryl salts of 
acids of the acetic series are associated. Castor oil, besides its 
use in medicine, is employed for burning, lubricating and soap 
making, and for making Turkey-red oil. 
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Turkey-red Oil.—This is a generic title applied to the 
products of the action of sulphuric acid upon oils— e.g., olive and 
cotton, but especially castor oil—-w hich are used in mordanting 
fabrics to be dyed with alizarin. For making Turkey-red oil, 
sulphuric acid to the extent of from 15 to 40 per emit, of the 
weight of the oil is run into a vat containing the latter, in such a 
manner that the temperature can be readily controlled. After 
some twenty-four hours, brine is added as a washing agent. 
The use of brine is necessary, as the main product is soluble in 
water. A partial neutralisation with alkali follows, and water is 
added, so that tlio finished Turkey-red oil may contain some 45 to 
50 per cent, of fatty matter. The action of sulphuric acid on the 
castor oil appears to result, in the hydrolysis (p. 240) of the oil, 
and the formation of polyrioinoleie acids and their sulphuric acid 
derivatives. The condensation of the ricinoleic acid (hydroxy- 
oleic acid) may he typified by the following equations :— 

(1) HOC, 7 ll M COO]l + H..SO 4 ■-= ll,SO 4 C, 7 Ha # C()0Il I- ll 2 0 

UirinoU'ir .sulphuric 
arid. 

(2) HOC k 1I w (:()OH + 1JSU 4 C, 7 K jis COOH 

= HOC) 7 IlyXCH 7 ] laA'OOl I + II..SO 4 

“ Dirii’inolcii- acid." 

About f>5 per cent, of Turkey red oil— i.c. } the sulphuric acid 
derivatives—is soluble in water, the insoluble portion consisting 
largely ot unattacked oil and polyrioinoleie acid. 

Palm oil is expressed from the flesh of the fruit of tilaia 
gi'incensis, a species of palm, after a period of fermentation. 
It has the consistence of butter, a yellow or reddish colour, and 
a pleasant smell. Its melting point varies from 25° to .“>0° C. 

- 77° to !)7 W F.; specific gravity at 15° ('. - 5If F. is 04)20 to 
0 927 ; saponification equivalent 277 to 280 and iodine absorption 
48 to 54. it consists of glyceryl palmitate and oleate; it readily 
becomes rancid and frequently contains much free fatty acid— 
10 to 25 per cent. It is used for making axle-grease, soap 
and candles. The oil from the. kernel of the same fruit (palm 
kernel oil) is also of buttery consistence, but contains a large 
proportion of glyceryl salts of lower fatty acids, and resembles 
coco-nut oil; it is used for soap making. 

Coco-nut oil is obtained from the fruit of Cocos nucifcra , 
the dried pulp (coprah), containing some 05 per cent, of oil, being 
shredded, fermented and pressed. It is refined by heating it 
with water until the latter has evaporated, as in The case of 
castor oil. The yield of oil^is .about 55 per cent. 

Coco-nut oil is characterised by consisting chiefly of glyceryl 
laurate, some glyceryl salts of higher acidS of the same series 
being present. It forms a white buttery mass, often containing 
a good deal of free fatty acid. When fresh its smell is agreeable 
and recalls its origin, but the oil easily becomes rancid. It melts 
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at 20° to 28° 0. — fix to 82° F., its specific gravity at 100° 0. -= 
212“ F. is 0*8G8 u» 0-871, and its saponification equivalent varies 
from 20!) to 228 ; iodine absorption 7 to !). Tin* expressed cako 
is used for cattle food, and the <>il for soap making (especially 
marine sonp, Vol. II., Chapter XI.), night-lights, and as a con¬ 
stituent. of margarine. 

Noatsfoot oil is obtained from tin* feet, of cattle, which are 
washed from blood, boiled, and tin* oil skimmed otf; this forms 
an inferior grade ; an oil of better quality is obtained by direct, 
excision of fatty deposits. It is refined by subsidence, and then 
forms a yellowish oil, consisting mainly of glyceryl oleate, and 
therefore not readily becoming solid on cooling. Its specific 
gravity is 0*911 to 0*9 Ifi at. fitj“ I' 1 . 1.saponification 

equivalent 299; iodine absorption fit) to 72. It dot's not easily 
become rancid, and is useful as a lubricant at low temperatures 
and for dressing leather. 

Tallow is tin* generic name lor the rendered fat of eat lie and 
sheep. “MuttOll tallow” includes the fit, from sheep and :u»ats ; 
beef tallow that fmin neat cattle. The process of tendering 
consists in heating tin; crude fat by direct, ‘ire or closed steam, 
whereby the tissue, is broken up and the fat separated. Ifilute 
sulphuric acid is sometimes used for the same, purpose o! dis¬ 
integrating tb- nembrane. enclosing the tat. The. roasted tissues 
lrom the open process are. termed “ graves,’’ and are used fu* 
feeding pigs and poultry ; the les-i heated tissues from the steam 
process are utilised for making ammonia and glue. The rendered 
tallow is refined by boiling with water and settling, and is olirn 
bleached by oxidising agents.* 

Tallow consists essentially of glyceryl stearate twith some 
palmitat.c) and oleate, the former constituent, amounting to lrom 
t to f of thy whole. From this it is obvious that the anal)t.cal 
figures for tallow vary through a tolerably wide range, thus, it 
melts at -UT to TV’ T.” 104 to lid I-'. * its specific gravity at 

15“ - 59° F. is 0-925 to 0-910, mutton tallow giving the 

higher value; saponification equivalent 283 io 290; iodine 
absorption 33 to -Ifi, beef tallow having the. higher value. When 
rancid, tallow often contains a good deal of tree laity acid. It 
ia adulterated with hone fat and sometimes with cot,ton seed 
stearin, as well as with non fatty organic substances and mineral 
matter. It is used as a lubricant (Vol* I.) and for soap and 
candle making. 

Lard a term originally confined to the fat from the 
omentum of the pig. but is now applied to the whole, fat of tbo 
animal* The parts containing fat an?treated in a manner similar 
to that used in rendering taliow. Lard consists chiefly of glyceryl 
oleate and stearate, its softness defending on the proportions of 

* Tallow is sometimes hardened by the conversion of its olein into 
elaidin by treatment with nitric acid (p. 242;. 
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these constituents. “ Bladder lard,” which is the host variety 
from the kidney fat of the animal, is hard and melts at 42° to 
45° 0. — 108° to 113° F. “Keg lard,”an inferior quality, melts 
at 28° to 38° 0. - 82° to 100° F. Lard is commonly adulterated 
by expressing lard oil from it and substituting tflie cheaper 
cotton seed oil. (Lard oil is similar in its properties to neatsloot 
oil, and is used for lighting and lubricating.) The specific gravity 
of lard at 100° C. = 212° F. is 0*859 to 0*860; saponilication 
equivalent 280 to 292; iodine absorption 55 to 62. The chief 
use of lard is as a food stuff. 

Butter is distinguished from all other fats by the large per¬ 
centage of volatile fatty acids which it contains. Butter consists 
of the fat of milk (cream), agglomerated by breaking down the 
globules of which the fat is constituted. The collection of the 
cream is done by hand-skimming, or by the use of a centrifugal 
machine. Normal butter, not strongly salted, contains about 
87 per cent, of butter-fat, 0 5 per cent, casein, 0*3 per cent, 
salt, and 11*7 per cent, water. Butter-fat itself consists of 60 
per cent, of glyceryl oleate, 35 per cent, of stearate and palmi- 
late, and 5 per cent, of butyrate,* with traces of ot her low fatty 
acids of the acetic series. Butter, unless freed from casein, <fcc., 
or heavily salted, readily becomes rancid, its objectionable taste 
and smell, when in this condition, being due to butyric acid. 
The specific gravity of butter-fat at 100“ O. — 212° K. is 0*867 to 
0*870 ; melting point 29° to 35° C. = 84° to 95° F. ; saponifi¬ 
cation equivalent 241 to 253 ; iodine absorption 19 to 38. 

Margarine is a substitute for butter, made by exposing beef 
or mutton suet, preferably the former, to a temperature of about 
50° 0. = 122* F., and collecting the liquid portion which drains 
away. This liquid is kept at 25° (J. - 77° F. until the glyceryl 
salts, solid at that temperature, have separated, and the. resulting 
mass is pressed. This last oil becomes buttery in consistence at 
the ordinary temperature. It is churned up with milk to 
give it a butter-like flavour. Should the product be too 
solid, it may be mixed with cotton seed oil; a yellow tint is 
imparted by annatto, turmeric or saffron. The main chemical 
difference between margarine and butter is the absence in the 
former of the glyceryl salts of lower fatty acids. (Coco-nut oil 
is sometimes used in making margarine, and supplies a certain 
amount of glyceryl sa'lts of fairly low fatty acids. The char¬ 
acteristic flavour of coco nut oil is removed by treatment with 
alcohol and animal charcoal.) The specific gravity of mar¬ 
garine is from 0*859 to 0*863 ; melting point 34° to 40° C. = 93° 
to 104° F.; saponification equivalent 285 to 290; iodine Absorp¬ 
tion 50 to 56. . 

Whale oil (train oil) is a Jtypical marine animal oil obtained 

* The butyrate does not exist as butyrin, but as glyceryl olco-palmito- 
butyrate (see p. 240). 
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from the blubber of various kinds of whale by boiling this 
with water, and skimming »>11* the oil. (Hycervl physetoleate, 
((' 15 H. J9 COO) -| r ;t U fi , and glyceryl salts of other acids of tin- oleic 
series, and of the acetic series, are tin* chief constituents of this 
oil. It is*a brown liquid with a characteristic fishy odour. 
Specific gravity 0-920 to 0931 ; saponification equivalent 250 
to 290 ; iodine absorption about 110 or higher. Some marine 
oils dry rapidly. The chief uses of the oil are for soft soap 
making and leather dressing. 

Cod-liver oil is prepared by washing and drying tin* livers, 
and putting them into open barrels; the oil slowly exudes, and 
is skimmed off the surface; it. is filtered through blotting paper 
to refine it. This product constitutes tin* best, medicinal oil. 
The livers, after this treatment, are heated in sheet iron pots 
suspended in boiling water, a further yield of oil being obtained. 
The older method is to throw the* livers into a cask, and allow 
them to ferment-, the. resulting oil being ladled off as it rises. 
The residual livers are boiled in kettles until the water present 
i.-> evaporated ; the oil is strained, and, being crude and of a 
brown colour, is used onlv as tanners oi'. The therapeutic 
value of cod liver appears to be due rather to its easy assimila¬ 
tion as a fattv food, than to the minute quantity of iodine which 
it contains, that hating been alleged to be useful. Cod li\er oil 
consists chiefly of glyceryl olcute and my rial ate, pa imitate and 
stearate ; a small percentage of glyceryl salts of volatile acids ol 
the acetic series is also present, and a small quantity of choles¬ 
terol. The specific gravity of cod-liver oil is from ()‘92i> to 
0-930; saponifieaiion equivalent 205 to 505; iodine absorption 
159 to 100. Lt is adulterated with other liver oils, and with 
seal oil. 

Sporm oil is distinguished front all the foregoing oils by 
containing only small quant it ie« of glyceryl salts. It consists 
essentially of dodetatyl olcale and physetoleate, and a little 
cetyl palmitate. lt is obtained from the head of the sperm 
whale {Physr.te.r marrow jilt ulus ) from which it is ladled out and 
<irained away from the accompanying spermaceti. I< is a yellow 
mobile oil not easily becoming ram-id, and excellent as a lubricant. 
On account of its peculiar constitution its analytical constants 
differ notably from those of fatty oils consisting of glyceryl salts. 
Its specific gravity is 0*875 to O'SHI ; saponification equivalent 
5SO to 451 : iodine absorption 81*3 to 85. The yield of higher 
monohydrrc alcohols obtained oh its saponification is 38 to 11 per 
cent. 

Sportnacoti is the solid product associated with sperm oil. 
It. consists essentially of cetyl palmitate. The, crude material is 
of a yellowish colour, and is purified by being boiled with a 
limited amount of "caustic potash, to saponify adhering oil. It 
has a characteristic crystalline structure; melts at 48° to 49° 0. 
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- 118° to 120° F.; specific gravity at ICO 9 C. = 212° F. 0*808 
to 0*812; saponification equivalent 428. It is liable to be 
adulterated with stearic and palmitic acids, tallow and parallin 
wax. It is used in pharmacy and for candle making. 

Menhaden oil consists chiefly of glycerides. It is obtained 
from the fish of the same name, and is used chiefly for currying 
leather. 

Beoswax is made from honeycomb, after the removal of the 
honey, by melting in wafer, allowing the impurities to settle and 
running off the wax. The yellow wax obtained in this way is 
often bleached by t reatment with chromic acid, or exposure to 
sunlight, the bleaching being aided by the addition of a little fatty 
matter, l’eeswax consists of about 80 to 85 per cent, of m vricvl 
palmitate, the balance being chiefly free eerotio arid with a little 
nielixsic acid. Specific gravity at 100° (’. - 212° F. is 0*811) to 
0*820; melting point 02 ’to 01° 0. -141° to 147" F.; saponification 
equivalent 584 to 002. It yields 55 to 54- per cent, of mvricvl 
alcohol on saponification. It is adulterated with waiter, mineral 
matter, foreign fats, parallin wax and vegetable waxes. It is 
used for candle making and in pharmacy. 

Bird lirno may be mentioned here, ns it is a substance- stand¬ 
ing between oils of the sperm oil class and the waxes. It. is 
obtained as an extremely sticky tenacious mass by macerating 
the inner bark of the holly. It consists essentially of mochyl 
palmitate and i I icy I palmitate, both mochyl alcohol (0. V) H, tt O) 
and ilicyl alcohol being monohydrie. 

II. TURPENTINES, RESINS, CAOUTCHOUC. 


The resinous exudations from the stems of trees of the Coni- 
fene class consist of solutions of resins in essential oils, the most 
familiar example being common turpentine, from which rosin 
and oil of turpentine are obtained. The resins are compounds 
of carbon, hydrogen and oxygen, which have the character of 
acids or anhydrides, being capable of combination with alkalies. 
The essential oils are volatile hydrocarbons, usually terpenes of 
the general formula and their congeners. Mixtures of 

hydrocarbons and resins of this type are also known as oloo- 
resins. When resins occur associated with gums instead of 
hydrocarbons, the mix*'d bodies are known as gum resins, while 
when benzoic acid and its congeners are present, the mixed 
bodies are called balsams. . » 

Oil of Turpentine (spirits of 'turpentine, “ turpentine“ turps'’), 
The crude oloo-resin or tru<* turpentine is an exudation fymi the 
barks of various conifers, and upon distillation, alone or with 
water, yields about 20 per cent, of oil of turpentine consisting of 
various true terpenes, (O^II^g. The oil of turpentine thus ob¬ 
tained may be recti tied by addition of alkali to saturate resin 
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from the blubber of various kinds of whale by boiling this 
with water, and skimming »>11* the oil. (Hycervl physetoleate, 
((' 15 H. J9 COO) -| r ;t U fi , and glyceryl salts of other acids of tin- oleic 
series, and of the acetic series, are tin* chief constituents of this 
oil. It is*a brown liquid with a characteristic fishy odour. 
Specific gravity 0-920 to 0931 ; saponification equivalent 250 
to 290 ; iodine absorption about 110 or higher. Some marine 
oils dry rapidly. The chief uses of the oil are for soft soap 
making and leather dressing. 

Cod-liver oil is prepared by washing and drying tin* livers, 
and putting them into open barrels; the oil slowly exudes, and 
is skimmed off the surface; it. is filtered through blotting paper 
to refine it. This product constitutes tin* best, medicinal oil. 
The livers, after this treatment, are heated in sheet iron pots 
suspended in boiling water, a further yield of oil being obtained. 
The older method is to throw the* livers into a cask, and allow 
them to ferment-, the. resulting oil being ladled off as it rises. 
The residual livers are boiled in kettles until the water present 
i.-> evaporated ; the oil is strained, and, being crude and of a 
brown colour, is used onlv as tanners oi'. The therapeutic 
value of cod liver appears to be due rather to its easy assimila¬ 
tion as a fattv food, than to the minute quantity of iodine which 
it contains, that hating been alleged to be useful. Cod li\er oil 
consists chiefly of glyceryl olcute and my rial ate, pa imitate and 
stearate ; a small percentage of glyceryl salts of volatile acids ol 
the acetic series is also present, and a small quantity of choles¬ 
terol. The specific gravity of cod-liver oil is from ()‘92i> to 
0-930; saponifieaiion equivalent 205 to 505; iodine absorption 
159 to 100. Lt is adulterated with other liver oils, and with 
seal oil. 

Sporm oil is distinguished front all the foregoing oils by 
containing only small quant it ie« of glyceryl salts. It consists 
essentially of dodetatyl olcale and physetoleate, and a little 
cetyl palmitate. lt is obtained from the head of the sperm 
whale {Physr.te.r marrow jilt ulus ) from which it is ladled out and 
<irained away from the accompanying spermaceti. I< is a yellow 
mobile oil not easily becoming ram-id, and excellent as a lubricant. 
On account of its peculiar constitution its analytical constants 
differ notably from those of fatty oils consisting of glyceryl salts. 
Its specific gravity is 0*875 to O'SHI ; saponification equivalent 
5SO to 451 : iodine absorption 81*3 to 85. The yield of higher 
monohydrrc alcohols obtained oh its saponification is 38 to 11 per 
cent. 

Sportnacoti is the solid product associated with sperm oil. 
It. consists essentially of cetyl palmitate. The, crude material is 
of a yellowish colour, and is purified by being boiled with a 
limited amount of "caustic potash, to saponify adhering oil. It 
has a characteristic crystalline structure; melts at 48° to 49° 0. 
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Oil of lemon is extracted by pressing the rind of the fruit 
just before ripening. Its chief constituent is a terpeiie, limoneue 
(boiling point 170" C. 319° I'.). The specific gravity of oil of 
lemon at 00 J F. — 15" 0. is 0*870. It, is used in confectionery 
and perfumery. 

Cedar oil is prepared from red-cedar wood by tin* method 
of distillation. It consists largely of cedrene, (boiling 

point 2(1(3" (J. — 511“ F.). 

Oil of bittor almonds (bonzaldehyde) is obtained by separat¬ 
ing the fixed oil (p. 248) from bitter almonds by pressure, and 
distilling the residue with water; IK N a:id benzaldehyde, 
(yll^COH, are the produets, being formed by the hydrolysis of 
the glucoside amygdalin, under the influence of an unorganised 
ferment emulsin which occurs in the almond, 'file oil is mixed 
with ferrous sulphate and lime, and redistilled, the hydrocyanic 
acid being thus fixed as calcium ferroevanide. Benzaldehyde 
thus obtained is a colourless liquid boiling at 180° 0. — 35fi° F., 
and having a specific gravity of 1*05. It can also be prepared 
synthetically from toluene, 0 7 1 t ft , by converting it into benzal 
chloride, C, ; H r ,(IHCI^ chlorination, and heating the product 

with an alkali and water underpressure. 

Oil of Wintorgroon is obtained by distilling the leaves of 
ihtultkeria procumbent >• with water ; the yield is about, 1 per cent. 
It consists essentially of methyl salicylate, often associated with 
a small quantity of terpene. Artificial methyl salicylate is 
prepared by distilling salicylic acid with methyl alcohol and 
strong sulphuric acid. It is a colourless liquid, specific gravity 
1*18, boiling point 220“ 0. — 428“ F. It is often adulterated 
with alcohol, chloroform and sassafras oil. It is used in 
medicine. 

Many essential oils are associated with a class of bodies known 
as camphors or stearoptenos, of which common camphor 
{( • 1( >H 1( .p) is a good type. Camphor is obtained by distillation 
of the wood of the camphor laurel with water, the crude product 
being purified by sublimation. It is a white crystalline solid, 
subliming without fusion at the temperature of the air. Specific 
gravity 0*98(5 to 0*99(5. melting point 175“ C. — 34G“ F., boiling 
point 204° C. - 399° F. ft is soluble in alcohol and sparingly 
soluble in water. It is largely used as a domestic insectifuge. 

Rosins.—Common rosin ( Colophony ) is—as already stated— 
the. residue from the distillation of oil of turpentine from crudo 
turpentine. American rosin has a darker colour tha i t hat from 
European turpentine. White rosin owes its opacity to the 
presence of water. The specific gravity of common rosiji varies 
from T04 to 1 *10; rosin is soluble in most sylvents except water; 
its melting point varies from 100° to 135° C. — 212° to 275° F., 
hut it softens before melting. It consists essentially of abietio 
anhydride, C 44 H 0 .,O 4 , easily transformed into the corresponding 



A M Ill’ll. 


25!> 


a*.''i<l. (.H, jO^, 1 >v boiling with aijufims alcohol ; its acid « li:*r 

actor cuusi s it to tlisM>1 \r in a’.hndes, and this solution lum tin* 
properties ot a soap, a «!l ili>*■< 1 hy employing rosin as an 

addition to fat in >o;tp making {•{■*'.)■ Kosin has a sapomlicai ion 
• •qiu valent >41 :UM) to !>lt>, and a orominc absorption ot ll' 1 to 
ill'. Kosin is also used for varnishes, and in soldering as a 
pronvtiw < n:u iu. .Much rosin is also used lor the manufac¬ 
ture ot’ l’ORili spirit and rosili oil hy destructive distillation. 
The lighter fraction (rosin spirit) is about .’> per cent, of' the 
rosin distilled, the denser portion (rosin oil) is much the larger, 
amounting to about/ So per cent, of the original rosin. Kolb 
consist, ot hydrocarbons of the oletine, acetylene, and benzene, 
series, with some terpeiies and certain rosin acids. Kosin oil 
is a yellow or brown liquid, generally liuore.se.-nl, of sperif'm 
gravity 0*‘J8 to 110. It, dries to .some extent, when exposed 
to air in a thin film, and unites with lime to form a giease 
< 10 Sill grease) used in the manufaei ure of rough lubricants for 
tiolley wheels. Kosin oil is used as an adulterant for many 
oils, especially boiled linseed oil, ami also for making litho¬ 
graphic inks. 

Copal is the resin exuding from trees of the genus Ilyuo nmi 
and others. Some, specimens are soft and dissolve in ether, but 
good copal is hard and insoluble. It, is light yellow or brown ; 
specific gravity 1 0t> to 1 *US. On heating it undergoes change 
and becomes more soluble. It, is chiefly used for varnishes. 

Shellac is prepared from the crude resin exuding consentient, 
on the puncture of the tree Ficus initial hy the insect i'ucnis 
lur.cn. The crude stick - lac is stripped olV the twigs, and the 
broken material, known as seed or grain lac, is melted in 
boiling water and poured on to a stone, when it breaks up on 
cooling into thin pieces. The aqueous solution on evaporation 
yields lac dye (See Vol. II., Chapter XII I.). For decolorising, 
bleaching with sulphurous acid or chlorine is adopted. Shellac 
is chiefly used for making varnishes, lacquers, and sealing wax. 
It, is sometimes artificially coloured by orpiment. 

Gum bonzoin may lie taken as a type of the balsams If, is 
tin- exudation of Fn/nu htuiz<>in. It contains from 10 to -<) per 
rent, of benzoic acid, the remainder consisting of resins. Its 
melting point, varies from FfF to ‘»;V (f. 1-SV to IMm’ K. 

Peru balsam is a similar substance, containing cinnamic in 
place of benzoic acid. Its specific gravity is about, 1*14. 

Gamboge^s an example of the class of gum resins as distinct 
fioni oleo-resins and bilsams. It lias a reddish-yellow colour 
and is con.posed of the resin gambogic acid (04 to 74 per cent.), 
gum constituting the balance. It is used as a pigment, and, to 
a certain extent, in medicine. 

Amber is the most important of the fossilised resins. It is 
found chicllv on the Hal tic coast and Is derived from several 
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now (extinct spccios of conifers. Its chief use is for ornamental 
purposes. 

Kauri is another fossilised resin, found in considerable quan¬ 
tities in New Zealand. It is used chiefly in varnish making. 

Caoutchouc (I nrtiarnbber). —This resinous substance is the 
inspissated sap of various genera of the three orders A pocynaccw. 
At loan'paw (V, and ]£ n,phorhiace<v, trees which grow m tropical 
and sub-tropical countries. Trees of the two last-mentioned 
orders furnish the best caoutchouc, that from Para (in the 
Amazon district) being the variety of highest quality. Coava 
in Rio Janeiro, Madagascar, and Mozambique furnish inferior 
kinds. The sap ©f the tree is a milky emulsion, and is collected 
from incisions in the bark. It is coagulated by evaporation 
(spontaneous or artificial), or by the addition of acid or saline 
substances. An alkali {>'.(/■, ammonia) retains it in its liquid 
state. As cutting the bark injures the trees, it has been pro- 
posed to obtain the rubber from the leaves, which also contain 
it, by extracting these with toluene or carbon bisulphide, it 
is moulded into rough lumps or Husk-shaped masses or films 
(Para rubber), for export. It. is frequently very dirty, sticks 
and stones being added as intentional adulterants, and always 
contains albuminous matter and resinous substances. lhe 
imported rubber is cleansed by boiling it with water and 
macerating it between rollers over which a stream of water 
Hows. The shredded and cleansed raw rubber is then incor¬ 
porated with weighting and vulcanising materials (v.i.), and 
moulded into the form of the goods to be made. Commercial 
caoutchouc (rubber) varies much in composition, but its charac¬ 
teristic constituent, is a hydrocarbon (a polyprene) of the formula 
(C 5 H s ) n , possibly C W H S0 or C ( . 0 U, l( . ( . This is often associated with 
insoluble albuminous matter and from 1 per cent, upwards of 
resinous substances, these increasing in amount with the state 
of oxidation of the material. Common qualities contain much 
of this resinous matter. Pure rubber is serviceable for only a 
few purposes on account of its plastic and adhesive character, 
gently-warmed surfaces readily sticking together. W hen a strip 
of pure rubber sheeting is stretched to a comparatively slight 
extent, it returns slowly and imperfectly to its original dimen¬ 
sions. These properties serve to distinguish it from vulcanised 
rubber. When heated to 200° C. = 3DH 0 L<\, pure rubber becomes 
a sticky viscous mass, which is a product of decomposition, 
inasmuch as on cooling it does not harden to the consistence 
of the original rubber. \Vhen destructively distilled, it yields 
a mixture of hydrocarbons, including isoprene, 0-H s , ca6utchene, 
C 10 ll 1( j, and heveene, 0 15 H., 4 . These produces, as well as benzene, 
form an excellent solvent'for rubber itself. t Other solvents are 
chloroform, carbon disulphide, and solvent naphtha, none of 
which, however, dissolves more than 5 per cent, of its weight 
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of rubber. Tin* utilisation of riiM't-r depends onnixtuiv becomes 
behaviour with sulphur. When heated with i> (..drawn out tor 
of sulphur to a temperature above the melting » the addition 
sulphur, about d per cent, of the element (rc« allowed to 
the rubber^ enters into some form of eombination t both the 
rubber. The product (vulcanised rubber) is distinguishd \arnish 
raw rubber hy its greater indifference to alterations ol tc-dinnges 
ture—it neither becoming soft, and sticky on moderate h« .o con 
nor rigid on slight cooling-- and by the possession of greats of 
“elasticity ’* an<l indilVerenee to cold solvents, which, at mus sh 
cause it to swell, but do not take it into solution. 1 he met hod ot ■ 
vulcanisation mav bo brietly described thus: -1 he raw rubber, 
being plastic, is capable both of being intimately mixed with 
the sulphur for its vulcanisation and with any mineral weighting 
materials that may he added, and of being moulded by any or¬ 
dinary merhaiiirai process-- e.//., rolling or squeezing through 
dies into sheet, cord, or tula* form. The articles thus fashioned 
are kept in shape by appropriate moulds, which are mated, 
generally by high-pressure, steam, to a temperature varying from 
1 e(p lo 2.-/0° 0. -- IMS" to 1YT l'\, according to the nature ot the 
article to be produced. Instead of sulphur, * golden sulphide, of 
antimony” (i>l\,S f| ) is sometimes used, which decomposes, alluni 
ing Milphur for vulcanisation and becoming Sb,Sthus imparling 
a red colour to the finished goods. Various loading materials - 
•chalk, ziue oxide, 1 avium sutphale and lead oxide - - are olien 
added, especially to common goods. Lamp black is used tor 
black goods. The vulcanising of rubber can also be performed by 
the use of sulphur chloride, S..LT,, in dilute solution, b'S. being 
the ordinary solvent. 'Hie solvent swells up the. rubber and 
facilitates the penetration of the sulphur chloride. The process 
is largely used for waterproofing cloth and making thin rubber 
tubing; it cannot be used for thick goods, as the penetration la 
imperfect, but little is known of the nature of the action of 
sulphur in the dry process of vulcanisation, but the action of 
sulphur chloride has been studied hy Weber, who is ol opinion 
that the vulcanised rubber consists of two molecules of polypreno 
united by one or more double atoms of sulphur. The. ini induc¬ 
tion of the sulphur is effected hy the formation of polypreno 

sulphoehlorides. . . 

Ebonite or vulcanite is rubber vulealiisod with so muon 
sulphur (25 percent.) that it is converted into a hard, horny 
m <|nit«.*lifiVwil i» appoarimo.; and mothnnical pi-a^rtica 
from ordinary vulcanised rut.ln-r. 

TI,o deterioration of niljlier gooife'nppcans to '»• a !>r;«iw» 1,1 
ovi.lat.ion, resinous products Icin" KuW*r is uttrn 

lar only ncliilt-ratril with “ surin".Ui^ ’ oisifsisting of tlio prmlucta 
of flu; action of sulphur and sulphur chlorides on mis ' •.'/•> ra l ,u 
* “ Elasticity” is not lure used in its exact inoclrini.nl souse. 
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now extinct spfl oil. These surrogates are geltinous suhstance as 
purposes. of mechanical strength, and ar^imply diluents o ^ 
Kauri is nvith which they are mixed. The se of these surro 1 *' 
tities in N/es tlic determination of the specificravity of rubhei ’ 
Caoutcns of detecting adulteration altogothc j]| iror y Cum 0 * 
inspissa.'bber goods made by moulding (called “ eehanicals”) are’’ 
A /-/ocf/iargely prepared from old vulcanised rjber re-worked 1 ^- 
and .arubber ove.rshoes are examples of this ; ] ass 0 f rubbe^ r 
ordods. H 

A G-utta percha is a substance, similar in n.,y respects t‘ 3l> 
caoutchouc, obtained from foouaudra gtr/la, a tr found in th >re 
Mala\ Peninsula. It is collected in a manner . n j] ar j] ia - ! dt 
used for caoutchouc. It. lias lately been propo-J p, extract 11 
gutta percha from the leaves of the tree by meai 0 f a volatile’' 
solvent. Like caoutchouc, gutta percha consists of hydrocarbon 
associated wit h resinous matter. J t is chiellv used ;iV iiisulatiim 
material in electrical work and for moulding purpos 


III. VARNISHES. 

Varnishes may be divided into two broad classes, amo ]y 
oil and spirit varnishes. The former class consists .^ los ‘ e 
varnishes which contain a drying oil, capable itself of foi, )ir a 
varnish-like film when exposed to the air in a thin layer.u, e 
latter comprises those varnishes which are made up of some re.*,.*., 
dissolved in a volatile solvent. The chief resins in use tor 
varnish making have boon already described; most of the other 
constituents of varnishes—tv/., drying oils and volatile solvents — 
have been dealt with under appropriate headings ; it remains to 
consider the methods of preparing varnishes, and such principles 
as are believed to underlie these methods. 

(1) Oil Varnishes.—The typical constituents of an oil var¬ 
nish are a resin— e.g., copal; a drying oil— e.g., linseed oil; and 
a volatile solvent— e.g., spirits of turpentine. The first process 
in the manufacture usually consists in rendering the resin, or 
“gum,” as it is technically termed, amenable to the solvent 
action of the oil. Many resins, prominent among which are 
copal, amber and anim6, are almost insoluble in oil or spirits of 
turpentine, until they have been fused. Others, such as elemi 
and common rosin, can be dissolved without previous fusion. 
The operation of fusing or “running” is carried o’ut by simply 
heating the resin in a large copper pot over a direct fire, the 
heating being continued until frothing from the escapfe of mois¬ 
ture or of gases from the decomposition of the resin, lias cessed. 
Ordinary linseed oil of good quality is boiled in a manner similar 
to that adopted when boiled oil is the product sought (p. 250), and 
the two materials are then mixed, and heated together at about 
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>00' V. 260° C. for an hour or two, until Ok* mixtmv heroines 
>0 viscous as to form strings, when a sample is drawn out tor 
iesting. The product, tlius obtained is thinned hv the addition 
)f spirits of turpentine, and the. finished varnish is allowed to 
tott.le and*nm oil’into storage vessels. It. appears that both the 
inseed oil intended for varnish making and the tinished varnish 
.re improved by keeping, though the nature of the changes 
vdiieh they undergo is unknown. Specific directions as to eon 
lituentrS and (piantities must be looked for in compilat ions of 
fade recipes. The process of drying which an oil varnish 
indergnes, takes place in two stages. In the tirst instance, the 
olatile solvent, (spirits of turpentine) evaporates spontaneously, 
caving a sticky lilm composed of the ivdn and drying oil, which 
lave been used for making the varnish. Tin* latter then dries 
>V oxidation, and a film results, containing both the resin and 
he ONidbed products of the drying oil. The quality of this film 
lepenJs naturally both upon the nature of its materials, and t he 
kill with which th. varnish has been prepared. The resins 
mist he chosen so that the lilm, though hard, is not bridle. Imt 
ough enough to resist a fair amount of we:*»* and tear. 

('J) Spirit Varnishes. These aw*, of tin* simplest description, 
nefely consisting of solutions of any suitable resin in any appro 
uiate volatile solvent. The resins most, commonly employed 
ie shelhu, sandai'a--, elemi and mastic, and t he eommom st- 
olvents are methylated spirit, spirits of turpentine and its 
nrii'U'' substitutes, and occasionally acetone. The method of 
ireparatiou consists merely in wanning the resin with its 
olvciit, in a vessel heated by steam and provided with an 
gitator. It is lilted with a still head and worm, to recover 
ny of the. solvent which may distil over during the process of 
lissolutiun. The drying of spirit varnishes is simply the 
•olatilisatioh of the solvent, the quality of the film left, being 
lependent on the nature of the resins used. They are great ly 
nferior to oil varnishes in durability. 

Recently, varnishes for spt eial purposes, such as the slight, or 
emporary protectioji of bright metal surfaces, have been made 
i\ dissolving the lower products of the nitration of cellulose 
see E-.rpUmw'Xi Vol. 1)., Chap. XVII.; in solvents such as 
deohobether, amyl acetate or acetone. 
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CHAPTER XI. 

SOAP AND CANDLES. 

I. SOAP. —Soaps arc the alkali salts of fatty and resin acids, 
soluble in water and capable of giving a lather. Inasmuch as 
they are made from vegetable and animal oils, they consist, of 
the alkali salts of such acids as occur in these oils (see p. 2o'.)) 
toget her with those of the acids of common rosin (see p. 2'>!);. 
Caustic soda is generally employed in the process of soap 
making, usually yielding hard soaps, while caustic potash gives 
as a rule soft soaps. Tor the chemistry of the action of caustic 
alkalies on fats see p. *211. When free fatty acids are us*-d for 
soap making, saponification can he effected l>y alkaline carbon¬ 
ates, which are also capable of acting on neutral fats at high 
temperatures, under pressure. 

HAW MATERIALS.—The fatty matter most commonly 
used for good soap is tallow (palm oil and rosin being fretptently 
added). A soda soap from ibis fat is hard and comparatively 
insoluble; complete saponification without excess of alkali is 
difficult. Non-drying oils— e.t /., olive oil—also yield hard soda 
soaps. Semi-drying and drying oils— e.t/., rape, linseed, and 
fish oils—yield somewhat soft soda soaps, and are, therefore, 
generally used for making potash soap which is intentionally 
soft. Some oils containing lower fatty acids, notably coco-nut 
oil, are easily saponified, even in the cold, and nevertheless 
produce hard soaps. Waste fatty material from a large number 
of industries is generally worked into soap, the product varying 
according to the character of the fat. The most important of 
these materials is the “red oil,” consisting largely of oleic acid, 
obtained in the manufacture of stearic acid for candles. 

The description of the manufacture of caustic soda and potash 
is to he found elsewhere (see Vol. II., p. 35, and Potash , Vol. II., 
Chapter XVIII.). On account of the fact that saponilicaUon is 
generally conducted with a comparatively weak lye*; the solu¬ 
tion of caustic soda produced by the action of lime upon sodium 
carbonate solution suffices for the need of the soap maktb*, who 
therefore frequently makes his own lye. It'is believed that the 
detergent property of soap is increased by the addition of certain 
alkaline substances, such as sodium silicate and aluminate. No 
such plea can he urged for inert mineral matter— e.g barium 
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sulphate, kaolin, and finely-powdered pumice frequently used 
as filling for common soaps. Sodium sulphate is soimuimes 
similarly used in the manufacture of cold water s.uip. and 
water itself is often present in enormous proportion >.</., fiO 
1o 70 per® cent. Sugar is also used in making transparent 
soaps, and various colouring and scenting ingredients are em¬ 
ployed, especially for toilet soap. 

PROCESSES' OF MANUFACTURE. — When free fatty 
acids are used as the raw material, the process et insist* essen¬ 
tially in gently heating the acids with a small excess of 
alkali until the acids are completely neutralised. For all 
other kinds of raw materials the first, part of the process 
consists in heating the fatty material and running in alkali 
of about 10 per cent, strength, little by little, so ns first 
to emulsify tin*, fat and then gradually to saponify it., the 
completion of the process being judged bv testing for the pres¬ 
ence of free alkali. Salt, is added to the contents of the 
copper containing the. soap, and the soap is thus thrown out 
of solution, it being insoluble in brine. It rises to tin* top, and 
tbe brine, containing the glycerol of the fat treed by saponifica¬ 
tion, is run otV. Fresh lye is then run in and the heating r<* 
pealed, any residual fat. being thus saponified, and the soap, 
which remains undissolved in the. caustic liquor, being wash'd 
free from a ih ring sail. The subsequent treatment \ aries 
according to whether “curd,” “mottled,” or “fitted” soap is to 
be produced. For curd tlie soap is taken into solution again and 
allowed to rest, until the dirt has settled; the surplus water is 
then evaporated, and the. snap is run into frames where it, 
solidifies. The separation of the lye is not. quite complete in 
this process, so that the finished soap is somewhat alkaline, but 
contains less water than most other varieties. 

Fittod soap is similarly treated, but, is allowed a longer time 
for subsidence, and the boiling down is omitted. I he finished 
product will obviously contain more water than curd soap, but 
be more nearly free from unsaturated alkali, the lye being given 
time to settle out. “ Primrose ' 5 soap is tin* commonest, example, 
of a fitted snap, the raw materials saponified being about 7 parts 
of tallow and 1 of rosin. (Kosin soap alone cannot be precipi¬ 
tated with salt, but a mixed rosin and tatty soap is readily 
separated from its solution in this manner.) Mottled soap, it 
genuine, is manufactured similarly to curd, hut is a second time 
boiled wit’* lye until this lias* become. sLtong enough to pre¬ 
cipitate the soap again. It is then run directly into the frames 
after life surplus lye has settled. The, frames are. jacketed and 
the soap cools sh»\vb>, a circumstance which causes the total dirt 
of tlur materials to segregate in the ljnes which are last to solidify, 
producing a mottled appearance in the finished product. Sim-e 
more than 20 per cent, of water prevents this segregation, by 
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allowing too rapid subsidence of the impurities before the soap 
passes to the frames, mottling is generally regarded as an indica¬ 
tion of freedom from excess of water. Seeing that now artifieia 1 ly 
mottled soaps are made in which the addition of sodium silicate 
solution is found to prevent subsidence even though much water 
be present, this criterion of purity no longer holds good. Origin¬ 
ally ferrous sulphide (from the crude alkali used) was the cause 
of the mottling ; now manganese dioxide is used for artificially 
mottled soap. When it is desired to incorporate any particular 
scenting, colouring or disinfecting material, the soap is usually 
run into a “ crutch-pan ” (a tank with an agitator) on its wav 
to the frames, and the selected ingredient here worked in. 
fraudulently wet soaps may be externally hardened to conceal 
their true character, by exposing them in a steam closet to a 
temperature sufficient to dry the outer skin, the interior remain¬ 
ing wet. In soaps of the above-mentioned classes the process 
of manufacture involves the separation of the glycerin in the 
lye. Chemically it is practicable to recover this glycerin by 
precipitating the residual soap by the. addition of lime, concen¬ 
trating, fishing out the residual sodium chloride and distilling, 
but the cost of the process is usually too high to allow the 
product to compete with the glycerin obtained as a. bye-product 
in candle making (<y.r.). 

j\lueh sort]) is, however, made without separation of the 
glycerin. Thus, the oil or fat is gently heated (to about ■If)" (’. 

I IT" R) and mixed with warm lye. The mixture is covered 
and the saponification allowed to proceed slowly. The. soap 
usually contains both free lat and free alkali. The addition <»f 
sugar solution produces a transparent soap; an excess of alkali 
is necessary in this ease to ensure a good appearance. Soaps 
of this elass are often sold for toilet use. Soft soap is also made 
without separation of glycerin, by saponifying drying :md 
semi-drying vegetable oils and fish oils with caustic potash in¬ 
stead of soda. The greenish shade of much soft soap is due to 
the presence of hempsced oil, unless it be artificially communi¬ 
cated by the addition of ultramarine or indigo. The white specks 
sometimes present (“figging”) are simply potassium stearate, 
and are no guarantee of good quality. Marino soap is made 
from eoco-nut or palm-kernel oil by gentle heating with strong 
soda lye, sodium silic&te being frequently added. This addition 
increases the capacity to take up water, soaps of this kind often 
containing more than 70 per cent, of water (see p. 2GG). Toilet 
soaps are made from best yellow soaps as a stock, and are 
mixed with perfume, &c., the process being known as “milling/' 
The stock is cut into fine shavings, which are partially dried 
and are ground with the ingredients to be added. The paste is 
moulded into cakes by hydraulic pressure. * Transparent soaps 
of good Quality are made by completely drying the milled soap. 
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dissolving in alcohol, and distilling oil tin* solvent, the trims 
pareiicy of the soap thus prepared being increased by the 
addition of syrup or glycerin. Common, mu eh - ad vert ised 
varieties of this class of soap liavo a nauseous smell, arising 
from th <4 use of methylated spirit as a solvent in place of 
pure alcohol, and are moreover heavily loaded with mgar. 
Toilet soap tablets are frequently treated with wet steam for a 
few seconds so as to glaze the exterior; more expensive varieties 
are polished by hand. Special '‘scouring’’ and “ honxrhold " 
soaps otten contain finely-divided sand or pumice powder up 
to 70 per cent, of the whole, whilst others are largely composed 
of carbonate of soda, the ground crystals or dry soda ash being 
Used, ami fancy \ allies assigned to tin- product I’rom a 
hygienic point of view, fur personal u.-e lew soap, are so 
good as common yellow lilted soap from a reputable maker. 
Disinfectant soaps are ordinary soaps to which an auti rpiir, 
such as carbolic acid, creosote oil, or a lerpene, has been udd< <1. 

The term soap C sometimes used to include the fatty arid 
salts of metals other than those, of the alkalies. A epical soap 
of ibis class is •* lead soap, - ’ or “lead plaster," made by In-ating 
lead oxide with olive nil ami water, or b\ double dreumpnsil urn 
of a. lead salt iml an alkali soap. It is a, white waxy material 
used in pharmacy. 

The cause f the -lelergent action of soaji has been assigned io 
various reactions /.</., hydrolysis \\ il h ilie. liberal ion ot alkali, 
or with the production ot a basic and an acid salt <>l the tatty acids 
present. The. known power of soap to emulsify greasy material 
and to increase tin* brownian movement, has doubt le .s much to 
do with the detergent, action. 

II. CANDLES. -The raw materials for candle making are 
(1) ethereal salts of fatty acids i>., tats and waxes; (-) tatty 
acids prepared by the hydrolysis offals; (.‘ij hydrocarbons. 1 ho 
essential conditions to be iultilled by a substance lor candle, 
making are, that it. should be easily combustible, fairly fusible, 
and capable of burning without, appreciably developing smoke 
or smell, when combustion is not. aided by artificial draught. 
All those classes of candle making materials are not equally 
efficient; thus glyceryl salts—e.//., tallow give a smoky and 
ill-smelling flame, from the. incompleteness ot their combustion ; 
similarly, many hydrocarbons —>•.>/., soft/paraffin wax become 
plastic at so low a temperature that, the form of the. candle is 
not retailied v/hilo burning. *A like, objection applies to many 
free fatty acids. The function of the wick of a candle is to 
spread tile combustible material o*ei a sufficient area to allow 
of its rapid volatilisation by the heat of the combustion already 
proceeding. It. is obvious that, yiasinuch as this spreading is 
due to the capillafity of the wick, this quality must, be adapted 
to the diameter of the. candle (to maintain a fully melted cup ot 
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liquid fuel to supply sufficient combustible matter for the flame), 
and to the melting point of its material. In all candles but 
tallow dips, the wick is of plaited yarn, flat in form, and its 
burning end bends over, and protrudes through the side of the 
candle flame, so that it is consumed pari passu with tfce candle. 
In tallow dips such a wick is inadmissible, because the very 
property which renders it serviceable in other cases—viz., its 
tendency to curve over—would shift it from the centre of a 
candle so plastic as is one made of tallow. Wicks for tallow 
dips are still made of twisted cotton, and require the use of 
snuflbrs. 

Ceteris paribus , the higher the melting point of the material 
of the candle, the smaller the difficulty encountered in regulating 
the burning by an appropriate wick. The wicks are occasionally 
treated by steeping them in various salts—«.</., phosphates and 
borates—which improve the burning, though the rationale of 
their action is by no means clear. The simplest method of 
candle making is that practised for tallow dips, which, as their 
name implies, are made by repeatedly dipping a bunch of cotton 
threads into molten tallow, and allowing the tallow to solidify 
on the wick between the dippings, the process being repeated 
until the candle is of sufficient diameter. On account of the com¬ 
plexity of the combustible, and of the impossibility of burning the 
wick uniformly with the candle, tallow candles give a nauseous 
smell when blown out, because the glowing wick destructively 
distils a portion of the fatty matter, acrolein, a highly irritating 
substance derived from the glyceryl, being probably a product. 
Pressed coco-nut oil (coco-nut “stearin”) is used for making 
nightlights, though palmitic acid, tallow “stearin” (not the 
acids, and paraffin wax arc also used. Another raw material 
which needs little preparation, and is applied very simply to 
the manufacture of candles, is beeswax, yielding, however, the 
highest grade of candles instead of the lowest, as does tallow. 
This superiority is based rather on cost than intrinsic merit. 
Wax is prepared by the candlemaker by shredding it, after it 
has been cleaned by washing it with hot dilute sulphuric acid, 
and exposing the shreds to light, whereby the wax is bleached ; 
the bleaching is aided by the addition of a small quantity of 
fatty matter. Chemical bleaching with chromic acid, chlorine, 
&c., yields a wax less fitted for burning, as the granular char¬ 
acter of the wax is accentuated, and if chlorine has been used, 
substitution products are formed which give off hydrochloric 
acid on burning. Owin'' to the fact that fused beeswax con¬ 
tracts greatly on ‘>oiidii'.cniV»n, wax candles are not east but 
“poured,” the process consisting in suspending the wicks on a 
frame, and pouring the melted wax down them until they have 
become of the requisite thick'ness. They are* then rolled on a 
slab under a board to the required d'mensions. 
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The variety of candle next in simplicity, in respect of its 
manufacture, to tin* foregoing classes is that made «>t paratlin 
wax (see Vol. U., pp. 111! and L>2). The melted paratl.n is 
poured at a temperature of about ISO' [\ Si* 0. into candle 
moulds surrounded h\ water at 200' K. ‘Cl The hot 
"ater is immediately drawn oil' and cold water substituted, in 
order that the candles tua\ he rapidly chilled. The hot. water 
is necessary to pre\ent the puratiin from set i ini; on the outside 
immediately it. Hows into the mould, ami the rapid cooling is 
essential to prevent the randies from sticking to the moulds 
A candle-mould consists ot a metal lube, the shape of i he 
candle, with the wick stretched along its axial line. These arc 
arranged in sets with mechanical appliances for east ini: and with¬ 
drawing. Landfill candies an* iransiueent. and neurW colonrle.- ;. 
Their quality vanes with the melting point of the paiallin, which 
ranges from 1<<,V to 1 H) ! ' K. 11 to On" C. When the paratlin 
is of low fusing point, th<i candles gutter and hunt wa-Oetully, 
and easily bend in hot weather. A little stearic acid is some¬ 
times mixed with die paratlin to improve the quality. Ozo¬ 
kerite (see Vol. II., p. \'M) is also used in the same manner 
as paratlin wax. The manufacture of -perm candles from 
spermaceti is conducted in a manner similar to that employed 
for paratlin candles. They burn rather less irregular)y than 
other candle-;, and t*<■ accordingly adopted a-, the (boernmeni 
standard ol light, a standard candle burning 120 grains of 
spermaceti per hour, sixteen such candles weighing 1 II). In 
London and a few other towns the pentane lamp (see p. 7'.) 
has lately become, the standard, and it seems possible that in 
the future sperm candles will hi-, altogether displaced by this or 
some similar lamp as the Government standard. 

The preparation of fatty acids for the manufacture of candies 
constitutes an important chemical industry. Various means 
may be employed for the hydrolysis of the neutral tats and 
the obtainment o*‘ their fatty acids. The chief raw materials 
for the preparation ot solid fatty acids for candle making 
are tallow and palm oil, any less solid fat giving too poor an 
output of fatty acids of high melting point. H ydrolysis of sm-li 
fats may he effected either by saponifical ion with a base or by the 
direct action of water or an acid. Iri tin* first case the saponi¬ 
fication may be effected either in an open^an or under pressure. 
The base used is lime, of which 12 to 15 per cent, is required in 
the open pan process, and 2 to # 4 per cent, wln-n the operation is 
eonducted*under pressure. In the. former instance saponification 
prucceds as in soap making by complete union of the lime with 
the fatty acids, and separation of the glycerin, in I lie latter, 
the quantity of lime is insufficient for saturation of the whole ot 
the tatty acids, thg base serving tft initiate hydrolysis which is 
completed by the action of the steam. The open pan process 
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consists in melting the fat in a lead-lined vat, running in milk 
of lime and agitating the mixture while steam is blown in. 
Calcium stearate, pnlmitate, and oleato are formed, and glycerin 
is set free, the, aqueous liquid containing it being drawn oil* and 
worked up for glycerin (v.l.). The solid lime salts, “rock,” are 
boiled with dilute sulphuric acid, and the fatty acids In us liber¬ 
ated. These float to the top, and are skimmed off to be again 
boiled with very dilute sulphuric acid. The fatty acids are cast 
into Hat calces and these are submitted to hydraulic pressure, 
first in the cold, then at about 30° C. = Sf>° 1<\, and finally at 
about r>l)° 0. — 122° F, The liquid fatty acids, chielly oleic 
acid, are thus expressed, and are sent into the market as 
“red oil” (see p. 264-) or “olein” used for soap making. The 
pressed cake of stearic and palmitic acids (so-called “stearin”*) 
is melted with very dilute sulphuric acid, in order to decompose 
any remaining lime salt. The purified “stearin” is cast into 
blocks with the addition of a little beeswax, vegetable wax. or 
paraffin wax. This treatment prevents the formation of visible 
crystals, and is known as “ breaking the grain.” The product 
is ready for casting into candles. 

The method of hydrolysis with a limited amount of base 
under pressure is conducted in a stout copper vessel called an 
autoclave. Tn this the fat and lime, magnesia, or zinc oxide 
(2 to .'1 per cent.) are mixed and steam is blown in until the 
pressure rises to about 8 atmospheres (or to 12 to 15 if tallow 
be the fat undergoing hydrolysis). The product is treated for 
the separation of solid and liquid fatty acids in the manner 
described above for the pan process. 

A process somewhat different in character from the foregoing 
consists in the hydrolysis of the fat by superheated steam, and 
the concurrent distillation of the products of hydrolysis— 
viz., fatty acids and glycerin. This is rendered possible by the 
influence of the steam in carrying over both fatty acids and 
glycerin at a lower temperature and with less decomposition 
than would be the case if steam were not used. In carrying 
out this process the fat is melted in a still, heated to 300' (J. 
572° F., and superheated strain is blown in through a perforated 
pipe. The condensers consist of a series of vertical pipes, in the 
earlier members of which series the fatty acids for the most part 
condense, the more volatile glycerin collecting in the later mem¬ 
bers. Complete hydrolysis without breaking up of the desired 
products needs careful regulation of the temperature. ♦Another 
method of hydrolysis is that in which the fat is treated at 
* » 

* The terms “stearin” and “olein,’’ technic-!lly ny-n* ; - 1 to the solid and 
liquid portions roq><> -lively nf tin* fatty acids joq. ••*■! |..r candle making, 
must not be c'lntitaml- d with the $une words used to denote either the 
solid and liquid portions of neutral fats obtained by expression, or with 
glyceryl tristearate and glyceryl trioleate. 
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K» ( T to 177 (k •- ;h)2' to -»r»0 V with some 5 to 5 per etmi of 
strong sulphuric acid. After imitation ami a period of n-.>t, the 
far will have been broken up. ami other organic mailers present 
will have been charred. The mass is then boiled with water and 
open stonily and 1 he crude fatn acids are separated and healed 
t"*l i'i (A '1 i 1’ !•'. it) remove the remainder of the water, and 
distilled in a eurrent. of steam at a temperature a little 1> ( low 
bou t'. 572" K. A hlaek tarry residue of “ stearin pitch” 

(about. 10 per rent.) is hit in the retort, ami is used as a 
substitute for asphalt and other bituminous materials in making 
biaek varnishes—e.//., dapun black. The, mixed tatty acids are 
pressed in the usual way, the liquid portion constitutin'; distilled 
oleic acid in contradistinction to that won by saponification. 
The output by this process is somewhat higher in solid fat tv 
acids (55 per cent, as against, 15 per cent.) than that of the 
processes previously described. The reason for this is that a 
portion of the oleic, arid is converted into iso-oleic acid (melting 
point. 45° 0. 115° V.) by the action of the. sulphuric acid. The 

manner in which the sulphuric acid acts, appears to eon.-ust in 
the liberation of the fatty acids with the, formation from the 
glyceryl of a glyceryl sulphuric acid having the formula 

i <>H 

S”. 

( OC :i H ri (OH)., 

A large portion of the glycerin is decomposed and lost. Some 
of the oleic acid (being unsaturated) combines with some of the 
sulphuric acid to form the compound, 

( COOH 

( OSI>./)!( 

which subsequently reacts with water to form hydroxys! oaric 
acid. 0 l? lI M (Oll)(J00ll, and sulphuric acid. Hydroxy-a<*arie 
acid on distillation at a high temperature loses a molecule 
of water and condenses to iso-oleic acid, ((.!, v H, ;j C!)(>f I Sul¬ 
phuric acid is also used as a hydrolytic agent, in a somewhat 
different way from that just described. The fat is mixed, in 
an open vat, with about i to 0 per cent, of concent rated sul¬ 
phuric acid, the temperature being about, 115“ <■. = ihT.T K 
The albuminous membranes of the lat are destroyed and 
incipient lydrolysis is induced. Water is tiow abided and 
the hydrolysis completed by boiling the lat with the diluted 
acid wldch results. A treatment with oxidising agents— 
a bichromate or permanganate, is necessary in order to cause 
the albuminous matters to settle. The. free acids are washed 
and pressed in the ttsual fashion, from 05 to (h) per.<*ut. *sf the 
weight of the fat-being finally obtained. 
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In :ill these processes the liquid fatty acids, amounting to 
about half the total fat treated, are less valuable than the solid 
fatty acids. Various plans have, therefore, been devised lor 
converting them into solid products. Of these, the simple 
reaction of fusing oleic acid with caustic alkali— « 

+ 2NaOIf = Cj-.I^COONa + CILCOOXa + l[ s 

resulting in the production of sodium palmitate and acetate, 
has been used. The. process, as originally carried out, was 
worked with the more costly caustic potash, because of the 
comparatively high fusing point of sodium palmitate, which 
led to overheating beyond the temperature proper to the re¬ 
action, and also on account of the poor conductivity of this 
salt, so that a uniform temperature could not be maintained 
throughout tin* mass. Later, caustic soda was used, and 
parallin wax added to render the. mass more liquid, the re¬ 
action being carried out at a temperature of 305° 0. = 581° F., 
but the process has been altogether abandoned for some 
time. Other methods of obtaining solid fatty acids from 
crude oleic acid are (1) treatment, with sulphuric acid, when 
iso-oleic acid is ultimately formed, as in the sulphuric acid 
process of hydrolysis (v.s.) ; (2) conversion into elid'd ic acid 
(p. 212) bv t he polymerising action of nitrous acid, a pro¬ 
cess not applicable to impure oleic acid ; and (3) conversion 
into solid products by the action of zinc chloride at 1^0° 0. 
- .°>r>G° F., followed by washing with dilute hydrochloric 
acid, then with water, and distillation in a current- of 
steam ; the solid part of the distillate consists chielly (75 
per cent.) of stearolactone, 

C 14 IL< i 0HC1L( 'If, 

' I " 1 

<)-CO 

together with some iso-oleic acid.* 

The manufacture of candles from the solid fatty acids pre¬ 
pared by any of these processes is effected in the moulds 
previously described, warm water being used to surround 
the moulds, the exact temperature required depending on the 
tendency of the acid*to crystallise. Stearic acid candles crack 
if, in casting, they are chilled too suddenly, and crystallise if 
cooled too slowly. . 9 

Glycerin is obtained as a bye-product in the saponification 
and hydrolysis of fats in «soap and candle making. already 
stated (see ,’ oap ), difficulty is experienced ip. recovering glycerin 
from spent lyes, on account of their dilution and the impurities 

* According to Levkowitsch, the process is a failure commercially, the 
quantity of liquid fatty matters obtained being too great. 
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which they contain. Tin- profits of recovery consists wni isily 
'in precipitation of reMoual soap w ith milk ot linn*, o\ aporatimi to 
’crv^tiillisc as much of tin* sodium chloride as possilih*. neutrali 
.nation with acid to precipitate albuminous matter, precipitation 
of remainin'*traces ot' fatty matter .is the salt of a metal sm-h 
as irofi, e<»ppi-r or aluminium, ami a second evaporation wheirly 
more sodium chloride is separated. This crude gh o riu contain-' 
ai-out >M per cent, of (■. .1-1 .(Oil)and contains salt, ami com pounds 
ot suijdiur and arsenic (the last named from the sulphuric arid. 
Io lined udveerin, free from mineral matter, is prepaied by di 
tiliii.o the crude product with superheated steam (ill 21u ( . 

11" K.). the distillate being eolieeted in a series of vert ie.d 
condensing pipes, the first one or two of which aie not arti 
li.-iallv cooled, so that glycerin condenses almost alone, the 
steam and remainder of the glycerin being collected in later 
nien,iiers of tin- >eries, which an- jacketed with water. 'lie* 
distilled glycerin U dee»dorised by animal charcoal which 
lias been freed from soluble salts hv washing in bydn> hloi n* 
acid. Innalh. concentration is elfeeted in a vacuum pm. 
Another methoil ot separatin'/ the salt, horn tin* L.dvoerm 
i> by dialvsis, as in the dilfusioii pmoess for the manu¬ 
facture of sugar .'see Vol. II., p. ibUy I he recovery of 
-iyc.-rin from “sweet-water,” vvliieh is tin* aqii'-ous solution 
ohtained from he saponification of tats with lime or /me 
ONide for candle making, is a simple process, inasmuch a., 
titer.- is no salt, to he removed. Mere evaporation is, thmeimv, 
Million*lit to obtain a fairly pure glyeetin. This is ellectiwly 
conducted hy means of an apparatus consisting ol a trough 
containing tlio glycerin to he eom*eiitrated, into which paddh s. 
In ate.1 internally hy steam, dip, so that, hy the revolution ot tin* 
shaft carrying the. paddles, these latter are. periodically exposed, 
coated with glycerin, to the air, and the water is thus driven 
oil’from tile films of glycerin on the paddles at a low tempera 
lure. The process can he improved by enclosing the whole 
appaialus in a vacuum vessel. Owing to the volatility of con¬ 
centrated glycerin, even at a temperature e.</., 100” <*J 1 _ l\ 
- mueli lie low its boiling point, 2'JO (’. hot' l<\, weak glycerin 
cannot be concentrated beyond a strength of 70 to - s 0 per cent, 
by boiling in the. air without incurring serious loss; lienee the 
devices described above, ft has been proposed to concentrate 
aqueous glycerin by freezing if, when the portion which solidities 
contains liuye water than the. res£ of the liquid ; freezing has also 
been applied to the puriticat ion of crude concentrated glycerin, in 
which cuse the glycerin solidifies (at 20* <>8" F.), the solidifica¬ 

tion being aided by tho addition of a crystal of glycerin. The 
finest qualities of glycerin are made in this way. Glycerin 
is a sweet colourless liquid, specific gravity 1*202, of great 
viscosity, and miscible in all proportions with water and 

18 
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alcohol. Tt dissolves many substances—metallic salts— 
which are soluble, in water. It, takes tire at 100° 0. = -*02° F., 
and burns with a blue llame. It is most largely used now for 
the manufacture of intro-glycerin (see Vol. U., Chap. XYTI.). 
Minor uses are in pharmacy, soap making, filling, apparatus 
which require a liquid seal, or circulating liquid, and are 
exposed to low temperatures— e.y., wet-gas meters and the 
radiators of motor cars*—and sweetening wine. 

* Mixtures of glycerin ami water have freezing points lower than that 
of either constituent. 
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TEXTILES AND BLEACHING. 

I. TEXTILE FIBRES. Fur till* production of a textile fabric 
smiii' material of parallel longitudinal structure and considerable 
l* 1 11 <i 1 <*. strength is requisite. Typical substances possessed of 
these properties art* tin* animal and vegetable. fibres wool 

and cotton - and inorganic fibres, .sncii as asbestos ami slag wool 

(mm* Iron, Vol. I.). 

(1) WOOL.—Wool is an epidermal append;.# 1 similar to hair, 
hut di(ferine from it in that it lends itself better to textile pur- 



Kig, 40.—Hair. Fig. <11. Wool. 

poses on account of its greater elasticity and its more loosely 
adhering scales, which cause it to lelt together more, readily. 
The difference in the structure of woo! and hair is shown m 
Figs. 40 and 41. 

ft will be seen that there is no difference in tin* internal 
structure, but that the scales of the wool fibre are attached to 
ilie stem for a shorter portion of their length than arts those of 
the hair fibre. As tin- scales of such fibres interlock when 
brought into contact, it i.s possible to spin the individual fibres 
into a eoherent thread. ‘‘I hseased ’ wool will not interlock in 
this manner*from the imperfection of the scales. The mechanical 
and chemical treatment of wool, previous to spinning, has chiefly 
for its object the cleansing and openiftg out of its scales. 'Hie 
length of the individual fibres of wool (known as its *• staple”) 
varies from 1 inch to 1 foot, or even more. 

The characteristicVonstituent of hair and wool fibre is a nitro¬ 
genous body termed Keratin, which appears to be identical with 
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the substance existing in horn. 

The average composition of 

wool fibre is— 



TVr rent. 

(larbon, .... 


Uy.ln,. 

7‘n 7 

O \vtf-n. 


Niuo'jcn, .... 

l.VSIi 

Sulphur, .... 

3(if» 


Raw wool consists of wool fibre, associated with wool hit. wool 
sweat (suint), water and dirt (known collectively as “yolk’); its 
composition varies between wide, limits. 

The hygroscopic character of wool is, to a certain extent, 
dependent upon its percentage of fat; the greater the amount ot 
fat, the smaller the quantity of moisture. In consequence ot 
this, wool should always lx; bought and sold on its analysis. 
Raw wool has to he freed from suint and fat before it can be 
spun. For this purpose it is washed, several methods being in 
Use. Ordinarily the washing liquid is water, supplemented by 
weak potash soap solution, but volatile solvents, such as petro¬ 
leum spirit and carbon bisulphide, have also been proposed. 
Soda soaps, to which crcsolic acid has been added, have aUo 
been used. In the washing both wool fat and suint an* ren oved, 
and may be recovered from the wash water by precipitation 
with sulphuric acid, the product being known as wool grease. 
Wool fat is not a. true fat, but consists of the alcohols choles¬ 
terol and iso-cholesterol, and the oleatos and stearates of these 
bodies. 

Crude wool grease is used for the manufacture of lanolin, the 
form in which cholesterol is commercially used as an unguent. 
The grease consists of cholesterol (about 70 per cent.) and fatty 
acids (30 per cent.), precipitated by sulphuric acid from the 
potash salts present in the unwashed wool and from the soap 
used in washing it. l»y treatment with caustic soda these acids 
are dissolved and an emulsion is formed, from which, on dilution, 
crude lanolin separates. Lanolin owes its therapeutical value 
largely to the fact that, unlike fats, it readily emulsifies with 
water and is rapidly absorbed by the skin. The substance com¬ 
mercially known as Yorkshire grease is the total fatty matter 
recovered from the water used for wool washing, and from that 
used to cleanse the wool from the oils employed as lubricants in 
spinning. Hence, besides fatty acids, neutral fats and cholesterol, 
it may contain mineral oil, should the latter have been used for 
lubricating the wool. Where the wool fat is not wo ked up for 
lanolin, potash is recovered from the potassium salts of tatty 
acids present in the true sweat (suint), which is the portion ot 
the “yolk” soluble in water (see Potash salts , Vol. 11., Chapter 
XVTJLI.). The presence of potassium salts, tending to form 
soaps, in wool grease doubtless aids the emulsification of neutral 
fats, and the property which cholesterol possesses of emulsifying 
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with water has a similar influence. These facts explain the 
eflicacy of water lor cleansing wool. 

(’lea used wool fibre has a specific gravity of INK); ii is mu. 
easily acted on by dilute organic or mineral acids, but is attacked 
hv even d Jute alkalies, es[ieciallv when hot, being in these respects 
similar to other animal fibres (>••/., >iik), and distinguished from 
vegetable fibres, stieli as cull on. which are more readily atlectrd 
by acids tli.aii by alkalis (r./.). 

>-) SILK is the secretion of the caterpillar »i<>ri 

Used in the formation of the cocoon in which it envelopes itself 
previous to passing into it s chrysalis condition. Silk libre being 
a glutinous secretion, dried in the form of a thread, has no 
i haraeteristic structure like that of wool, but consists merely 
of a core of the nitrogenous bodv fibroin ' corresponding in eom- 
po"ition with the formula C!,. 11 N.O.). surrounded by a coal¬ 

ing of Silk glue, another nitrogenous suletauee railed Sei'icill 
((11 . N.0„). which is part ly soluble in hot water t«> a tmlaf imms 
soiutioM. Mulder gives the following analvsis of Neapolitan 
raw silk ■ 


P'i tu*»in. 

I rl-j.ltill, 

Wax, resin and fat, 
t oil an in'- mat ><■»■, 
All. Uiiai, 


i 

■A I 0 
!•:. 
o ui» 
Jl I 


! t is probable, however, that, ihc substance recorded as albumin 
is an aiieration product, of fibroin, the percentage of which is 
therefore urenter than that, given above. As in practice, the 
loss by “ boiling oil' ’ ■ </.i\) is from go to l>0 per rent., the amount 
of residual matter reckoned as fibroin may be put down as 
7" to 7b percent. In winding raw silk from the cocoon, the 
silk glue is only softened, not dissolved. Complete removal 
of the silk glue can be elfecled by boiling, and is mvssary jo 
e rtain stages of treatment of silk, uhid) are described later. 
The behaviour of silk fibre to reagents is as follows: If is 
weakened by prolonged boning with water, but to a smaller 
extent than wool ( A'nrrlif). It is also less attacked by alkalies 
than is wool, the reverse being the ease, with regard to acids. 
Ii cannot, be successfully bleached by chlorine as it is attacked 
thereby, and is accordingly treated with milder bleaching agents, 
such as soup. Various ‘‘wild” silks are used t.o a considerable 
extent, that from the caterpillar Anth^rna miffit/a, constituting 
tussur silk. Unlike silk from the silk worm, tussur silk is 
not- formed of a single thread from which the whole cocoon is 
spun, bud of several discontinuous threads, on which account it 
is less easy to spin. Its fibre is larger and more elastic than 
that of ordinary silk. It. is more highly coloured, and has to bn 
bleached by hydrogen peroxide. 

Silk libre is very hygroscopic, and should be sold on its 
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analysis. Its specific gravity is about 1-33. Artificial silk 
is at present largely used, especially for decorative purposes. 
It possesses a greater lustro than natural silk, but does not 
resist the action of water so well. It is made by nitrating 
cotton with a mixture of 15 parts of fuming nitric* acid and 
85 parts of sulphuric acid, about 35 litres of the mixed acids 
being used for 4 kilos, of cotton. The nitrated product is freed 
from excess of acid by pressing in a hydraulic press and then very 
thoroughly washing with water, after which it is again pressed 
and dissolved in nearly five times its weight of a mixture of 


equal parts of alcohol and 



Fig. 42.—Cotton. 


The thread is now ready for u 
be made by similarly''injecting 
lose in an ammoniacal soluti 


3i*. Dissolution requires fifteen 
to t wenty hours. The collodion 
produced is filtered through 
cotton wool and kept for some 
time in closed vessels. It is 
then converted into threads by 
forcing it, under a pressure of 
40 to 50 atmospheres, through 
a tube having a number of 
openings 1 , ^ 0 mm. in diameter, 
'l'lie ether evaporates imme¬ 
diately, leaving solid white 
threads, from ten to thirty-six 
of which are immediately spun 
together. In order to thor¬ 
oughly dry these threads, they 
are wound and unwound in a 
room kept at 15” C. - 113” F. 
through which a strong current 
of air is forced. The inflam¬ 
mability of the material is next 
reduced bv treatment with an 
alkali sulphide (probably am¬ 
monium sulphide), and the yel¬ 
low colour produced during this 
treatment is then removed by 
means of a mixture of chloride 
of lime and hydrochloric acid. 

. Artificial silk is also said to 
into an acid a solution of cellu- 
)n of cupric oxide. Threads of 


gelatin rendered insoluble by means of potassium t bichromate 
or formaldehyde are said to be applicable as artificial silk. 

(3) COTTON is the fibre surrounding the seeds o-f plants 
of the genus Gossypium, several varieties of which yield com¬ 
mercial cotton. The cotton fibre (Fig, 42) consists of a tube 


of irregular shape, having walls of approximately pure cellulose. 
It is seen nearly pure as unspun but cleansed cotton (cotton 
wool). Its composition is given as follows (Hugo Muller ):— 



COMPOSITION OF FLAX. 271) 

IV rrent 

Cellulose, . ..... i<r;ir> 

Moisture, ... . . TOO 

Wax. . 11*40 

Aqueous extract, . ... 0 50 

Ash, . ... HI 2 


9‘i it; 

The commercial quality of cotton is determined by the uni¬ 
formity ul diameter and the length of “staple’’ of the fibre, 
the former varying from 00001 to ()*t>01 inch, and the lattm 
from 0‘77 to ISt) inch. It is Imt little at lacked by diium 
acids in the cold, but at higher tempertlure>, or by Hrwngcr 
.fills, it is acted upon, in-mming disintegrated. It is only 
slightly attaeked by long boilimi with dilute alkalies in absence 
of air, but. when air is present it. becomes converted into oxy 
cellulose (see Afnrt'risi )t;j, p. -Hi). I»» * ij ijlJ nearly pure cellulose 

it behaves like this compound towards strong acids (sec Xlfm- 
Vol. II., (’Imp. XVII.). It can lu» bleached by chloride 
of lime without undergoing appreciable deterioration. 

( I) t'LAX is the bast, fibre of various sp ‘cies ot plains of the 
genus Liiunn, the most important being Luiinu Hsiftitisainnnn. 
Alter removing the seeds from the stems by a combing process 
termed ‘‘rippling,” the tlax stems are. “retted” in order to 
separate th ■ bust. fibirs from each other and ftom the true wood 
of the stem. “ Hulling ” consists in submitting the stems t,o tim 
action of water until they begin to rot. This process is per¬ 
formed either ill stagnant water or in a running .stream. A 
mere exposure to dew for many weeks, or treatment with 
tepid water, steam or mineral acids, may lie substituted. 
When water alone, is used, fermentation speedily sets in which 
effects the disintegration of the cementing material (pcctoso) of 
the fibres. When hot water, steam or acids are used, a sp< eics 
of hvdl’olysis effects the same end, the perto.se being concerted 
into pedlli, which is soluble in water, and into pectic Jicitl, less 
readily soluble. Me< hunieal proci sses known as “breaking.’’ 
“scutching,” and “heckling,” which are heating and combing 
processes, complete the isolation of tin* flax fibres. Haw flax 
fibre ha.-. the composition : -- 

piro-nt. 


Cellulose, 



SI tin 

Wax, .... 



2-:t7 

Matter soluhlc in water, 




.\fcoisture, 



s-ro 

Ash, .... 



(1-70 

Pectoils substances, 

• ■ 


loo co 


Flax essentially differs from cotton in that it. consists of 
separate cells, disposed longitudinally along the fibre, with cross 
septa. The cell-walls are very thick, and the intern A cell space 
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very small. The “staple” of flax varies from 2 to 3 feet, and 
the ultimate fibres vary in length from 1 to U inches, and in 
width from (hOOO to 0 010 inch, and are pointed at their ends. 
Flux is colder to tin; touch than cotton, being a better conductor 
of heat, as its air spaces are smaller than those of ,fhe cotton 
fibre. It is stronger than cotton, and, being invested with 
pectous substances, is more resistant to reagents, and requires 
somewhat more drastic treatment to bleach it ( v.i .). The colour 
of flax varies according to the. nature of the retting to which it 
has been subjected, such as lias been treated in stagnant water 
being much darker than that retted in running water. 

(f>) HEMP is the bast fibre of a variety of plants, chief among 
which is Cannabis saliva. The fibre is freed from inenisting 
substances by processes similar to those described under flax. 
It resembles flax fibre, but has a higher tensile strength (30 to 
.‘lb as compared with 20 to 2f> kilos, per sq. mm.), and resists 
tin 1 retting action of water bet ter, on which account it is used 
for ropemaking and similar purposes. 

It aw hemp fibre has the composition given below 

Cellulose, ...... 77 13 per cent. 

Wax,.O-.V) 

Aqueous extract, .... 3'4n ,, 

Moisture, . . • . . . S NO 

Ash,.0 S*J 

lVetous substances, .... 0*‘2f> ,, 

ioo oo ,, 

(0) JUTE is the hast fibre of various species of Corc/toms. 
The staple of jute varies from 6 to 12 l’eet., but the ultimate 
fibres are. very short (about to 4 inch), on which account it 
is weaker than flax or hemp, and proportionately less valuable. 
The cells constituting the ultimate fibres are more lignified than 
those of flax, and, in the opinion of Cross and Bevati, consist 
chiefly of a body termed ligno-eellulose, containing 7b pel* cent, 
of true cellulose, and 2b per cent, of lignin, into which constitu¬ 
ents it is decomposed by treatment with acids and alkalies, 
liuw jute fibre has the following composition : 


Cellulose, . 

63’7G per cent. 

Wax. 

0*38 

Aqueous extract, 

l-oi) ,, 

Moisture, . 

\) Sl> ,, 

Ash,. 

O’liS ,, 

I Veto us substances, 

. • • ’ll 


ioo 00 


Various other bast fibres, notably China,grass, are employed 
as textile raw materials. Other fibrous plants, such as grasses 
esparto), are used for rough textile fabrics, but find their 
chief employment in papermaking, under which head they will 
be considered. 
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(7) WOOD-WOOL is prepared by cutting thin hoards into 
strips and digesting them with sulphurous arid, as in the hisui- 
phite process for making wood pulp (see Paper, Vol. II., Chap. 
XIV.). The boiled wood is partially dried and passed through 
corrugated rollers, and may then he separated into coarse fibres. 
For finer fibres, the pulp must lx* completely dried, and combed, 
after pressing, by methods similar to those employed for llax. 
Tt is used as an absorbent for surgical dressings, and also for 
making artificial silk, the product, however, being much inferior 
to that produced from cotton. Tow is the broken or waste 
fibre produced in the various mechanical processes for preparing 
llax and similar textile fibres for spinning. 

(S) MINERAL FIBRES. The most important uI the-.- is 


asbestos, which i> tin 

name given 

to \ arious 

natural silu 

which are fibrous in structure. The 

name tlum 

relates rat li¬ 

physical condition than 

chemical ei 

nqiosii i<ui, 

as may he 

from the following analy 

scs : 




11..Il.lll. 



Si<>.„ . . * 

in :;o 

107)7 

1 1 , 

MgU, ... 


11 

i g-J Ki 

faO. 



; 1 1 vj 

lit >. 

n-7 

g-s7 

11 

A 1.0 and IV <>., 

•J l'7 

()!)() 

i ■. i; 

II it . 

Kt7- 

i 

-•;>n 


Typieal Italian and Canadian asbestos is therefore r^-eni i.illy 
an hydrated silicate of magnesia, while other less valuable kinds 
are of irregular composition, indicated by the third analysis. 
Before the fibre can he woven it has to he separated, a . the 
mineral occurs massive. The. fart that true asbestos contains 
combined water causes it to undergo ehange when Imat- d •«> 
redness, the water being driven off and the lihre much impaired, 
although fabrics made of it are sufficiently fireproof to retain 
their form and remain fairly coherent. 

Slag wool is another mineral (ibro, and is made; by allowing 
jets of steam to impinge on .1 stream of molten blast fur; ace 
slag (see iron, Vol. I.), whereby the slag is divided into threads, 
generally laden with globules of slag which have failed to be 
prolonged into fibres. It is used chiefly as a fireproof and non¬ 
conducting lagging material. 

Glass wool is merely glass softened over the lamp and drawn 
out in»,o long threads, which are etipable of being spun into 
fabrics. Kxe.ept as a laboratory requisite it is curious rather 
than useful. t 

II. BLEACHING.-' I’he treatment, of textile fibres by the 
numerous processes included under the term bleaching, ha.-, for 
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its primary object the removal of natural colouring matters, and 
of such impurities as would cause uneven dyeing, or would play 
the part of mordants, fixing the dye in places where it is not 
required. In general, the treatment comprises processes for 
cleansing the fibre, so as to expose it. to the action of the 
bleaching agent, and for oxidising or reducing those natural 
colouring matters, which are still retained, to colourless products. 

Thus, it happens that all the processes may he classed under 
the le ads (1 ) cleansing or scouring, and (2) bleaching, however 
mnnv operations each stage, may involve. Since, during the 
spinning and weaving of textile goods, the fibre, always becomes 
contaminated with oily and other matters—either accidentally, or 
designedly for the purpose of lubricating or strengthening the 
fibre this matter must be. removed by the scouring proa ss, 
:i.. well as any natural fatty, waxy or resinous matter which 
mav have remained after treatment, of the raw fibre. 1 he 
method is, therefore, essentially a saponification process, and 
alkalies are used for the purpose. It will be gathered, however, 
from what 1ms already been said in this chapter concerning the 
resistance of fibres to chemical change, that those of animal 
origin must be more tenderly treated than the vegetable fibres, 
and that the same statement holds with regard to the second or 
bleaching process. It is tor these reasons that, although the 
chemical principles underlying the semiring and the bleaching of 
textile fibres are the same for all fibres, involving saponification 
and oxidation or reduction, as indicated above, yet the details <>l 
the processes, and to some extent the agents employed, vary 
according to the nature of the fibre. In what follows, an 
outline of the essential processes adopted for each particular 
fibre is given. 

Wool Bleaching.—The scouring of the raw wool has already 
been discussed (p. 270). During the process of spinning and 
weaving, the wool is treated with oily lubricants, such as olive 
oil, oleic acid, and mineral oil, which facilitate the movement 
of the fibres by counteracting the tendency of the scales to 
interlock (p. 275). These lubricants must be removed before 
bleaching can be effected, by immersing the hanks of yarn or 
pieces of cloth (wool being bleached in both forms) in a 
solution of soap, ammonium carbonate (the active constituent 
of the stale urine formerly employed), or Sodium carbonate, 
at a temperature of 35° to 45° C. ~ 95° to 113° F. Volatile 
solvents have, been to a slight, extent substitute^ for these 
feeble alkalies (p. 27G). After washing, the yarn is ready for 
dyeing or bleaching. * « 

Bleaching is accomplished by exposing tjie wool to sulphur 
dioxide generated from burning sulphur. The common process 
is known as “ stoving,” and fs carried out in a brick chamber 
lined with wood, on the floor of which the sulphur is burned. 
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The sulphur dioxide may also hi* applied in solution, into which 
tin- wool is dipped ; or solution of sodium bisulphite or m ilium 
hydrosulphite may In* used. It appears that the chemical 
change involved in the bleaching, he it reduction or im-re com- 
bination jyith the sulphur dioxide, is not a wry deep srated 
one; tor treatment ot the ldeaehed wool nn i 11 i alkaline suit- 
stances, such as soap, restores the yellow eoiour oft he unhhaehed 
wool. Any sulphur dioxide which may he meehnideally retained 
can he removed by immersion in dilute hydrogen peroxide. 

The colouring matter way also lie ldeaehed by oxidation, by 
soaking the wool in slight ly ammoniaeal hydrogen peroxide at 
about .TV’ C. — 1*5° F. 1 <>r some hours, llcn-ntIv, a solution of 
sodium peroxide has been substituted lor the ammoniaeal 
hydrogen peroxide ; magiie-ium sulphate may be :uM«d to 
neutralise tie* alkalinity of the sodium compound,ami the eoods 
may subsequently r»»eei\e a wash m a tlilule acid bath to gener¬ 
ate hydrogen ])ero\id<* from the sodium peroxide. The bh aeliing 
obtained by hydrogen (or sodium) peroxide is permanent. 

A silky appearance is sometimes imparled to wool b\ chlo¬ 
rinating it, cither by exposure to gaseous chlorine for a short 
time or else by immer.-ing it. in a chloride of lime bath con¬ 
taining hydrochloric acid. It is then washed, first with water, 
th n with soap, and finally wiih weak acid and water. The 
yellow colour mu by the chlorination is removed by fieatment 
with SO., as above, or with stannous salts. The product i.-< not. 
so strong as wool treated in the ordinary way, but absorbs 
colour- better. 

SILK BLEACHING.—Tim appearance and texture of raw 
silk are .really improved by removing tlm seriein (p. 277 j before 
weaving. This is the object of the pro. ess known as k * dis¬ 
charging,” “ ungumming ,’’ or “ stripping. ’ A lien “ boiled oil ” 
silk— *>., silkmearly completely freed from silk glue—is required, 
the hanks of silk sire immersed in a soap hath at. a temperature 
of 1M)° to !>;V C. ID! ’ to 2(»T F. A transference, to a second 
and third bath is advisable after a short time, lest the colouring 
matter accumulating in the first bath should be. returned to and 
fixed on the fibre. The “boiled-elf liquor” serves as a rest i ainer 
in the subsequent dyeing vats. Such silks, particularly tussur 
silk, as contain linn in the seriein, require preliminary treat¬ 
ment. with dilute hydrochloric acid hefoiy, being boiled oil’, to 
remove this lime and prevent the formation of a lime soap. 

The imi^tmmed silk is then, submitted to a “ discharging ” 
process—consisting in putting the hanks into a hemp hag 
and boding for two or three hours with soap solution and is 
finally washed. Occidental silj<s lose from 20 to 25 per cent, 
and Oriental silks from 1* to 22 per cent, in weight during 
these processes. • * 

The bleaching proper of silks is now almost entirely ellccted 
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by means of hydrogen peroxide, but treatment with sulphur 
dioxide, either in stoves or in solution, after the manner 
described for wool, was, until-lately, the method employed. 

Silk is usually “weighted” by repeatedly passing it through 
neutral solutions of tin chloride or “pink salt,” SnC*’,,2N 1 l 4 fl, 
at a temperature of about .”>0 (J. -- 80 V. Much 1 in hydro vide 
and oxychloride is absorbed by the fibre during this treatment, 
which is afterwards fixed by washing with soap and soda at 
Mf' 0. — 122’' P\, or by passing the silk through a bath of 
tannin, phosphate, Ac. Any increase in weight up to about 
:;0 per cent, obtained in this way appears to be regarded as 
legitimate, but samples of silk are to bo met with which 
contain as much as 120 per cent, (calculated on the original 
fibre) of foreign matter. Such silk speedily deteriorates when 
exposed to light. 

COTTON BLEACHING.—Cotton is bleached in the form of 
hanks of yarn if it is to be dyed in bright colours, or to be manu- 
faotured into sewing thread. Otherwise, and most frequently, 
it. is bleached in the woven piece. In the latter ease, the loose, 
fibres must be singed off, the process being effected by rapidly 
passing the piece over a red-hot roller, or a row of Bunsen 
burners, any persistent spark being extinguished by passage, 
between damp rollers. The amount of time, and trouble devoted 
to bleaching cotton cloth depends on the purpose for which it 
is being prepared, the number of processes through which the 
material is put being summed up under such trade names as 
“market bleach,” “dyeing bleach,” “madder bleach, 3 'etc. The 
titles sufficiently indicate the uses for which the material is 
destined, and the kind of variation in procedure will be. realised 
when it is considered that it is a shorter process merely to oxidise 
the eolouring matter unt il it. is of the degree of whiteness suit¬ 
able for white doth as put. on the market, than to effect that 
thorough removal of matter foreign to the fibre which is essential 
to the production of good colours in dyeing and printing. 

In the scouring of cotton, the cloth is first saturated with 
water by being passed between rollers in a tank through which 
water circulates. It is then boiled with a thin milk of lime, for 
some hours, in a closed “kicr,” which is a cylindrical vessel of 
boiler plate in which the goods arc packed on a cast-iron grating, 
and into which stean^is injected at a pressure of 10 to TO ibs. 
above that of the atmosphere. By an appropriate arrangement 
the liquor which has percolated, through the goods §s intermit¬ 
tently raised by the steam pressure to the top of the kicr, and 
again sparged on to the cotton. This process is the “ liiye-boil ” 
or “lime-bowk.” The lime saponifies fatly* waxy and resinous 
mutters adhering to the cloth; the lime soaps being insoluble, 
the next process consists in'decomposing these by dilute hydro¬ 
chloric acid, into a bath of which, after a wash with water, ihe 
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goods are passed, the operation being known as tin- “lime sour'' 
or “grey-sonr." The laity acids, liberated bv the hvurodilon*' 
aeid, are next dissolved by ladling in a pressure kier with rail site 
soda or carbonate of soda (o to »> per cent, of the weight of tie- 
goods), ami rosin soap (corresponding with I A to per rent, of 
rosin also reckoned on the Weight of (he goods'!. Tin* goods an* 
now washed and boiled with soda ash, this *• ley boil” being 
several times repeated when the best hbadiing for dyeing is 
re |uired. A (borough washing completes the semiring ju-oee.--^ 
and it is of interest to note that the scoured cotton is livqmntiv 
darker in colour than it was before it was treated. 

With regard to the chemistry of rodou scouring, it mi.-lii be 
supposed that since tile lime soaps formed in the lime ho!I .in- 
decomposed in the subsequent acid bath, thus leaving the fiit\ 
aeids to be saponified with sods, it would sutliee to treat tie- 
doth directly with soda, a. custom which is, indeed, praeti-.d 
in (he Mather ami (Matt process. It appears, however, ’.hat de¬ 
formation of a soap from the liberated fat-tv aeids. in <ll ", la.uli- 
tates the saponification of any remaining fat bv treatment with 
caustic soda : br-ides, lime is a more, suitabh because cheap* r, 
base than soda (br t he preliminary saponilieat imi. 

The bleaching or “clteiuieking ” of the cotton consists in 
passing the scoured goods through a very dilute solution (speejfnj 
gra vity about l ■•'Uliu or \ T wad dell) of chloride of lime t bleach¬ 
ing powdert, and then wringing them out. and cxpoMiig them in 
heaps to tin 1 action of tlie. air for two or three hours, care being 
taken that, they do not dry. A hath of dilute sulphuric add 
(! to l*" Twaddell ,'peeifii; gravity LOOb to hOOffi), known as 
the “ while sour/' and a thorough washing nmtpleie the proves-;, 
unless a repet it ion he. deemed desirable. While the cot,Ion wet 
with the solution of chloride of lime is exposed to the air, hypo- 
chlorous acid (I K MO) is liherated i >y flic, atmospherie carbonic 
acid : this oxidises the colouring matter of the cotton to coiour- 
Ji ss products, the oxidation being completed by the. dibit ine 
which is evolved when the. still undee.imposed bleaching liquor 
comes in contact, with the dilute acid of the white-smir - 
Ui(()Cl|.. i- CaClo i- ‘JlljjSO, ^ 2(*.iS<> 4 + 2H..O I- <;i, 

m tint ion nf tik-.-n-liiiiM pmvdei'. 

Tim dilute acid also dissolves the. calciun# carlionate. which is 
deposited in the fibre during the air exposure. 

Lunge proposes to effect the liberation of hypochlorous acid 
and simultaneous formation of calcium acetate by applying 
acetic lueid before or after the bleaddng liquor. When the 
hypoddorous acid gi* es up its oxygen to the colouring matter 
of the cloth, hydrochloric acid is formed; this would react with 
the calcium acetate,Getting free acetic acid which would then 
perform the same cycle of reactions. 
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(1) ‘iCMjjCOnil i CsitOCl), = {CI[ 3 (:0O) 2 Ca + 2H<>Cl. 

Act-ljc iiciil. calcium m et ate. 

(2) -JHUCl - 2HC1 + O a . 

{.•{) (CllaCOOJaCa + 2HC1 = ( aCl, + 2Clf,C()OH. 

If this treatment with acetic acid he substituted for the ex¬ 
posure to air, the advantage, accrues that the soluble salt, calcium 
acetate, remains to la; washed out in place of calcium carbonate 
which is insoluble in water. 

It has been proposed to bleach by means of the liquor produced 
by the electrolysis of magnesium.chloride (the Hermite process). 
When an electric current is passed through a solution of this salt, 
chlorine is evolved at the anode, and magnesia and hydrogen 
at the cathode. If means be taken for the suppression of the 
hydrogen, the chlorine acting on the magnesia yields a solution 
of magnesium hypochlorite, which may be applied similarly to 
the chloride of lime usually employed. The liquor, after it has 
done its work of bleaching, and its oxidising effect has been 
expended, is returned to the decomposing cells and again 
electrolysed. As magnesium hypochlorite is more unstable 
than calcium hypochlorite, free hypochlorous acid is more 
readily derived from the former, and thus the rate of bleaching 
is increased. The process, though said to he in successful 
operation in France, has proved a failure in this country. 

MERCERISING.—A process by which the strength of the 
cotton fibre is greatly increased, and at the same time acquires 
a greater affinity for dyes and mordants, is called by this name. 
It consists essentially in treating the fibre for a short time 
with a strong solution of caustic soda, the two ends of the 
fibre being fastened to a frame to prevent contraction during 
the treatment. 

For the production of a full white “market bleach” it is 
frequently necessary to correct the yellow tint of the bleached 
goods by the addition of a small quantity of ultramarine. It must 
be remembered that the oxidising action of chloride of lime is 
not without effect on the cellulose itself, so that the use of a 
strong solution of bleaching powder is not permissible. 

LINEN BLEACHING.- -As lias been already indicated 
(p. 279), retted flax fibre contains much more matter of non- 
cellulosic character than is contained in cotton; it follows that 
the processes of seout'ing and bleaching linen are more ope rose 
than are those involved in the treatment of cotton. It is found 
useful in the case of linen to retain to a certain ext&nt the old 
system of grass bleaching j. otherwise the operations are in the 
main identical with those used for cotton, low-pressure kiefs being 
generally employed. In commort practice die yarn or cloth is 
subjected to the lime-boil, g”ey-sour and lev-boil described for 
•cotton, and, after having been washed, is spread in a field lor 



JUTK 


287 

from two to seven days; it is then ehemi.-kcd in ,hlori ie ,>t 
li,ne au(l sou red. Tin* lev boil, exposure and cheinit kin- .uv 
repeated as often as may he necessary in order to produce t i.« 
desired tint, the “full bfeach " requiring a longer time titan th<* 
half or ^‘quarter bleach. Ihree to six weeks is an average 
time. 

The chemistry of these pror-sses when applied to limm is 
similar to that expounded under the head of eo| ton )»lea< hin-. 

I lie henelicial effect of exposure on grass may perhaps lx- attri 
huted to a species of fermentation, enhanced hy the aeNon of 
1 1 lc1 1 1, and similar to that which is useful in the idling pio - . 
*(l‘- <- 1 )■ 8ueli a fermentation may decompose pectoiis suh- 

anees, rendering them more, easily attacked hy the subsequent 
fluent. The bleaching may also he due to the action of 
.oeen peroxide, which is always formed when water is 
mwed to evaporate slowly in the presence of sunlight. 

The substitution of potassium permanganate for chloride of 
lime solution has been proposed in linen bleaching. The grav-. 
exposed goods h.n* to he steeped in a solution of this oxidant, 
and then passed through a solution of sulphurous acid, which 
induces and dissolves deposited oxides of manganese; acidified 
peroxide, of hydrogen may fulfil the function of the sulphurous 
acid, since (his peroxide behaves as a reducing agent to the 
higher oxides of manganese. 

JUTE BLEACHING. -The specific nature of the jure fibre 
(p. -80) renders its complete bleaching without undue tendering 
a difficult task. It. is fortunate that jute fibre which lias mdv 
been bleached to a cream colour can still he dyed of brilliant, 
liues, so that the term “full bleach” as used for jute implies 
the product ion of this colour, the “ half bleach ” finishing at. a 
straw coloured shade. 

It is not usual to scour jute yarn with alkali before bleaching 
it, since the loss of weight due to the action of the alkali is not 
sufficiently compensated hy the improvement in value of the 
finished product. A slight treatment with alkali and soap may 
be necessary, however, when much oil has been used in manu¬ 
facturing the yarn. The principle inxohed in the common 
method of bleaching is lo submit the fibre to I he action of a 
comparatively strong liquor at first, and, when the urns 1 easily 
attacked impurities haw* been thus acted upon, to trait-.for ii lo 
weaker liquors, where there is little rislc of the fibre, being 
tendered. The first bath contains Meaeh amounting to Is per 
cent, of the •weight of the jute, tlie second bath contains 10 per 
cent, of bleach, and the third f> per eeyt., calculated on tin- same, 
basis. The yarn remains for half an hour in each bath, and t he 
temperature is maintained at 1*20' If. ----- -UT0. Fora full bleach, 
slightly stronger liquors are employed. After immersion in 
these baths, the yarn is sourfcd in dilute, sulphuric acid 
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(1" Twaddell) for half an hour, and is then washed and dried. 
The jute suffers a loss of weight amounting to some 6 to 8 
per cent. 

For bleaching jute in the piece, Cross and Be van recommend 
a silicate of soda hath for preliminary treatment, ar,d the use 
of a bleach liquor made by adding soda ash to a solution of 
bleaching powder (0 7 per cent, of available chlorine), and 
containing, therefore, sodium hypochlorite; a sulphuric acid 
sour and the usual washing complete the process. 

Hemp, when bleached at all, is treated like; linen. China 
grass is bleached by the methods employed for cotton. 
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' CHAPTER XIIT, 

COLOURING MATTERS, DYEING, AND PRINTING. 

Tt is the object of the dyer to produce a uniform <-oiour iu 
the textile material to he lived. Such colour must he “ last. ” 
— i.r., insoluble—not mechanically detachable, and resistant, 
to the bleaching action of light. In order that the colour 
may impregnate the fibre it. is essential that it he applied in 
Solution ; thus a dyestuff may he broadly distinguished from 
a pigment by its solubility in an appropriate menstruum, 
generally water. When a dyestuff has been applied to the 
fibre and eonstifules a fast colour, it. has become a pigment 
A convenientdistinction may lie drawn bet ween a dyes! ulf ami 
a dye. The former is not necessarily coloured, although even 
when not coloured it. is capable of furnishing a pigment- when 
fixed upon the fibre; this, pigment is the dye. 'flu* substance 
necessary to convert a dyestuff into a dye fast on the fibre is 
termed a mordant ; some, fibre-, themselves act. as mordants. If 
t ho above different ia» ion between dyesl nils and dyes be allowed, 
the fibre must 1)*- regarded as the mordant in all cases when- it 
is dyed directly, even win n, as in the case of direct, cotton 
dyestuffs, the ;illinity ? between the fibre and the dyestuff ii 
■•omparatively feeble. 

The difficulty of arriving at a general explanation of the 
ra onale of dyeing arises from the facts (1) that fibres differ 
very greatly both chemically and mechanically, and (2) that 
dy es are also widely diverse in character, ranging from insoluble 
pigments, produced irrespective of the chemical nature of the 
fibre, to definite chemical compounds with the fibre (or mimic 
constituent of the fibre) itself. 

in speaking of dyestuffs it is found convenient to classify 
them as *■ substantive ” and “adjective," the former term being 
applied to dyestuffs which need no addition to fix them upon 
the fibre, and the latter to such as require a “mordant” to 
cause their conversion into dyes. In the sTtinc way the dves 
produced may he spoken of as “ substantive dyes ” and “ adjective 
ives,” « 

The need for a mordant depends upon fhe chemical nature of 
the fibre rs well as upon that of the <*lye. The capability of 
fibres to fix, by actual combination, dyestuffs having a distinct 
acid or ba ; c character is dependent upon the presence in the 
fibre of certain basic*or acid activities. The most notable 
instance is found in the case of wool, the investigation of 

, 1 !) 
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which hub revealed the existence of an amido-acid ( i.e ., a sub- 
slance capable of functioning both as an acid and as a base), 
oil her as a constituent of the fibio or as a product ot its 
decomposition in the dye hath. The wool, according to this 

(NIL 

view, rimy he represented as \Y ' ; where W represents 

((XX) 11 

I he constituents of the wool other than those giving it its acid 
and basic character. Such a compound has been obtained from 
wool by heating with an alkali, and has had the name kinugilliC 
acid ascribed to it,. It is soluble in hot. water and precipitates 
both acid and basic dyestuffs, forming lakes (see Pir/ments, Vol. 
II., Chap. XV.). Silk lib re displays functions similar to those 
ol wool, its acid character being strongly marked. Cotton, 
on the other hand, is a far less active substance than the 
animal fibres, and displays hut. a trilling atlinity for dyestuffs, 
u hether acid or basic. Since the constitution of wool has to a 
certain extent been elucidated, tin* chemical theory of dyeing, 
according to which substantive dyestuffs become dyes on the 
blue by union therewith, has been generally accepted so far as 
wool is concerned. In the case of silk there is not only less 
direct evidence of union of the fibre and dyestuff, but then 1 is 
also some indicat ion of another cause of dyeing (asserted by some 
to provide a general explanation of the rationale of dyeing the 
so called ‘‘physical” theory of dyeing), viz., the action of the 
fibre as a solvent for the dyestuff, which it holds in the form of a 
solid solut ion. Kor example, when silk dyed with magenta is 
immersed in alcohol, the magenta is extracted, but, on diluting 
the alcohol with water and thus diminishing its solvent power 
for the magenta., the colouring matter returns to the silk ; the 
deduction made is that silk is a worse solvent for magenta than 
is alcohol, hut a better solvent, t han diluted alcohol, and that the 
retention of the magenta by one or the other solvent (silk or 
alcohol) depends on their relative solvent, power, and is not due 
to chemical combination with the silk in any more definite sense 
than with the alcohol. Cotton, however, does not readily lend 
itself to either of these explanations singly. The structure of 
cotton fibre has been already described (see Textiles, Vol. IT, 
p. “78). Chemically, it does not. appear to possess in any degree 
cither basic or acid properties, partaking rather of the nature, of 
an aldehyde; but it is well known that cotton forms unstable 
compounds with basic ox idee,—#*.//., lead oxide—*'nd a similar 
slight acid tendency is observed in the behaviour of cotton 
towards basic substantive dyestuffs, such as the substance known 
as “night blue.” In this case, ho wove**, the cotton does not 
displace the acid of the salt, constituting the dyestuffs, but com¬ 
bines with the salt as a whole, this combination being rendered 
possible by the fact that, the salt contains niethyl-umido groups 
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other than that satisfied In the acid radicle of the salt. Thus, 
cotton dyed with night blue may In* written diagramm;iticallv 

, T I^N\('ll-, • 

: N:r,H : ilin. 

The ahsance of definite acid properties of cotton, however, lends 
'■ un e support (o tin* view that its absorption of certain substan¬ 
tive dyes is due to its a-tbig as a .solid solvent in the maimer 
•dready de-eribed in die e;i-,** .,f silk. A similar explanation 
niiglif la* offered to account lor the mordant im; action of tannin 
on eottnn. immersion of the cotton in a solution o! tannin 
!-ijiientIv precedes the dyeing process. The tannin itself is 
• u' loosely attached to the rottmi, for the tannin-treated eotion 
toses tannin when immersed in waieroreveti weak solutions of 
•'anuin. Obviously, however, (his fact is not inconsistent, with 
the view that cotton lias a feebly h:o-ic character, which allows 
it to form a loose combination with the tannin. The (ivation of 
a basic dyestuff by tin* tannin is seen to need no e\pl.maf i<m 
when tin* acid character of this substance is remembered. The 
activity of cotton as an aeid material ran be greatly enhanced 
by any process of an oxidising character, as in “ chemieking " 
-ee Wench ivy, Vol. II., p. 2S'-), tin* ox veellulo.'.e* formed readilv 
fixing basic dyestuffs. I n spilt* of t he feehle act ivity ( who! In r 
acid or basic) of cotton fibre toward - dyestull’s, certain synthetic 
substances—the benzidim dm\ati\cs form fairly last substan¬ 
tive dyes on cotton. In this case it has been suggested that. the. 
'•yes enter the fibre - presumably from their high osmot ic pres- 
s j. in hot solution, and are there deposited on the cell walls 
as ic fibre cools on withdrawal from the bath. The theory of 
solid solution is hardly applicable in this instance, because 
gelatinised nitrated cellulose, cannot be thus dyed, although 
nitrated cellulose, not gelatinised and >till possessing the struc¬ 
ture of cot ton fibre, can be dyed in this manner. 

It. will i>e obvious that in rases of adjective dyeing, defined in 
its broadest sense a.s dyeing induced by the co-operation of at 
least two agents, no sptcial explanation of the cause of dyeing 
any fibre is requimb-. Thus fibre of any kind may be dyed by 
successive immersion in a solution of a lead salt, and in one of 
a chromate, h* id chromate being precipitated*in the fibre and 
retained on account of its insolubility Unless some affinity exists 
between the fil^e and the colouring matter, however, pigments 
precipitated in this wav an* fairly easily removed by washing. 

A. COLOURING MATTERS..jivrttuffs may he classified 

into a few broad groups., 

(1) Orga* c synthetic dyestuffs. An exhaustive classification 
is necessarily very lengthy, but the cljief classes may be given as 
follows:— (a) Nitre-compounds, (h) Azo-compounds, (c) Qui* 
* The formula CjgH^O^ has been assigned to 'his substance. 
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none derivatives, (d) Triphenyhm-thane derivatives. (<•) Azine 
compounds. (/) Sulphurised dyestuffs. 

(2) Organic natural dyestuffs. 

(.’)) Mineral dyestuffs. 

( 1) Organic Synthotic DyostufFs.*—Tn speak frig of these 
it is necessary to refer to the theory ol Witt, who considers that 
certain groups (clliomophoros), such as KO., and N IS, confer 
upon hydrocarbon, residues of the ring type properties which 
enable them to become dyestuffs when certain acid or basic groups 
are introduced. The compound consist ing of a ring hydrocarbon 
residue and a ehroinnphore is called a chromogen, and the amd 
or basic group which transforms if into a dyestuff is termed an 
auxochrome. 'Ibis theory has proved useful as a guide in the 
synthesis of new dyestuffs. 

(a) Nitro-compounds. - The nit ro group is tin; ohromoplmre in 
the case of I hese bodies, and tin; an\oeiirome is generally either 
Oil or N II.,. the dyestuffs of this class being for the most part 
nil rophenols ami nit ro-deri vafi vex of amines. Tln-y are formed by 
the process of nitration, the raw materials being aromatic phenols 
and amines. The chief dyestu Ifs of this class are picric acid (trinit n >- 
phenol), dinitro-rz-naphfliol (Martius yellow), and the sodium salt 
of its sulphonie arid (napllthol yellow), and Imxanitrodiplienyl- 
amine (ifs ammonium salt being railed auiailtia). The foregoing 
itre decidedly acid in character. The preparation of picric arid, 
which mav lx; taken as a type of nitration, was at one time 
carried on by direct: treatment of phenol with strong nitric acid, 
but. is now performed by heating phenol with sulphuric acid, 
and treating the resulting phenol-sulphonio acid with nitric 
acid of moderate strength (specific gravity 1*2). Picric acid 
is a common product of tin* nitration of organic substance-;. 
It. is a bright yellow bitter substance, sparingly soluble in 
cold water and readily soluble in alcohol and ether. It limits 
at 122-5° 0. — 252° K. Its use as a dyestuff is now limited, 
but. it finds application in the manufacture of explosives (see 
Vol. IT., Chapter XVI1). 

(I>) Azo-compounds.—These dyestuffs contain the diromuphore 
— N : X uniting two ring nuclei. The auxochromes Oli and 
NIT serve to convert the azo-compounds into dyestuffs. 

c„H r> • n : y. • c fi K 5 . cyr, • x : x • c,i i ,(Xiu. 

AzuIumi/.i'IH'. A!iii<lua/.il>vuzem' (a <lji .-lull). 

'Fhe dyestu Ifs of this class are produced bv the reaction between 
a dia/.o-compound (e g diazobenzene chloride, 1.-,-,II 5 * N : N ■ (M). 
and a phenol or an amine, the general process of manufacture 
consisting in first preparing*the diazo-wmpound, by treating the 
well-cooled solution of an amine with sodium nitrite and hydro¬ 
chloric acid, and allowing this solution *U> flow into one of the 

* In the following pages the nomenclature and classification adopted 
are, in the nuun, those of Nietzki (Organische Farbstojfe, Berlin, 1901). 
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phenol or its sulphonic aeid in presence of excess of alkali. 
The dyestuff is finally thrown out. of solution by the addition 
of common salt. Somewhat different processes are necessary 
for combining the diuzo-conipound with an amine — e .</., the 
use of alcoltnl as a solvent may be essential.* The reactions 
occurring in both cases are typified hy the following examples of 
dyestuffs prepared from aniline. It will be remembered that the 
action of nitrous acid on the salts of aromatic amido-compounds 
(amines) at a low temperature leads to the formation of the salt, 
of the era-responding dia/orompound : 

Nil,. MCI NO OII (' i; H,-N:\-Cl r ‘JIM). 

Aniline )ivdi'orliloridc. .\itnm.s aciii I >i;t. ■ >U n/fiic 

i lil"i ule. 

Since nitrous acid is a very unstable substance, it. is belter in 
praetiee to mix the amide-compound lamine) with sodium nitrite, 
ami toadd hvdroehlorie aeid to liberal!' nitrous aeid in situ ; the 
process is known as diazotisillg. No attempt is made to isolate 
tin* diazobeii/.ctie eldoride from the solution. 

I f an hydroxyazo dyesl ulf is to •<,. prepared, the solut ion of l lie 
diazobenzene chloride is run into a well cooled solution of the 
calculated quantity of the phenol (o/.. (Cl I/Oil ) dissolved in 
all alkali ; t he following t qw;ii i,m is {\pi.-al of’ I lie change : 

C,d 1• \ : N • ( 1 C^C/ONa C, ; H -/ N : \ •(',. 11Ml) : Natl. 

JiJir’et' I■.•■!)/< lu‘IUO|ilieili)t. 

If an ainidoazo-dyestutf is to be produced, a. cooled solution 
containing the calculated quantify of (lie nmidn compound (/v/., 
■■ ■tapbenvlene-diamine) is run into the solution of diazobenzeiie 
Ci oride : 

t'fill.r/N: N-Cl I (' ); ildNlbd 2 CJI, N ( , l ;H,fNU,h..H( , l. 

Met ;i|iliriii leaf- Iti.aiinln.i/i.ljeii/eiie li\ilroi lilorMc. 

ili.imilie. 

The dhimidoa/.obenzene hydrochloride is soluble in water, and 
must In- salted out ; it constitutes the dyestuff known as cliry* 
SOidine, whieh produces an orange yellow on wool. 

I lie hydroxyazo-dyestuffs are generally insoluble, and mu -t 
be converted into sulphonic acids by treatment with strong sul¬ 
phuric aeid, or obtained as sulplionie acids by the use of the 
sulphonic acid of one or other of their const ifjienls-e.y., phcnol- 
Mtlphonic acid, (y ) H i (OTl)(SO.,OU). 

Of such azo dyestuffs as are of importance may be mentioned 
the amidoazo-dyestuff, methyl orange (helianthin), much used ;u 
an indicator in alkalimetry. Tt is the /odium salt of dimethyl- 
nmidoazohonzene sulphonic acid, 

0*1 l.,(S( )..Xa) • N : N ■• (*,. I! t \ (fl 1 


* In all cases in which a dinzoamidocoinpound is first- formed, a Imvo 
excess of tin; amine must he used in order to hold 11 1 i*-• in solution during 
its transformation into the isomeric ainidoazo-eompound. * 
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Aii example of an hydroxya/o-dyestuff is tropffiolin Y (an orange- 
dyestuff), tlio sodium salt of phenolazobenzene sulphonic acid, 

11./011)• N: N *(/ 0 l fjfSO.jNa). Tropseolin 0 is a dye stuff 
w hich dyes silk a "olden yellow, and is obtained from resorcinol 
and diazobenzene chloride; it thus contains two OIL "roups, 
( hi I ( (S( t.Naj’ N : N •(-,;! I .,(1 > 11The hydroxy - derivatives of 
naphthalene (naphfhols) may he used ; croceil) orange, for ex¬ 
ample, is the sodium salt of henzeneazo .o*-naphthol sulphonic 
acid, ( ) (> 11. ■ N : N (', () l I)l I )(S()., Na), and is prepared from dinzo- 
benzene cidoride and d-naphthol sulphonic acid. Such dyes are 
faster when derived from gJ-naphthol than when derived from 
a- naphthol. 

The foregoing azo-dyestuffs can be used in an acid bath for wool 
and silk, but are not lilted for cotton, as they fail to form lakes 
with appropriate mordants. The two ha sir azo dyestuffs which 
are commonly used, namely, chrysoidine (v.s.), and Bismarck 
brown, t rianndoazobenzene hydrochloride,* 

cVdMN ii,)*N : N-(: (i n, t Nii,),,fici 

arc capable of fixation on cotton mordanted with tannic acid. 

A class of bodies capable of dyeing cotton directly are the 
“Janus” dyes, obtained by combining an amine or phenol 
with a diazotised amido-derivative of Irimeth vIphenylainmonium 
chloride or similar ammonium base. Thus “ JailUS red” is ob¬ 
tained by diazotising tint meta umidotrimethylphenylummonium 
chloride and combining it with the compound made by uniting 
/i-naphthol with diazotised meta-toluidine; it possesses the 
constitution 

(C If As*-'IN - C 6 II 4 ~ N - N - C!,.|ljiCll 3 ) - N = N - C 10 LJ ti OH, 
and belongs to the class of disazo-bodios (<'•(■)■ 

Azo-compounds -c.y., Ponceau It and Bordeaux 15 -obtained 
by combining /:>-naphthol disulphonic acids with diazo-dcriva- 
tives of the higher homologues of benzene, have lately become 
especially important for wool-dyeing. 

Tetrazo - dyestuffs are such as contain the ‘N:N* group 
twice.! 

They are of three types: — (1) Those containing the two 
* N: JS' • groups and the auxochrome (<?.//., NIL or OH) attached 
to the same benzene nucleus— e.<j. y phenoldisazobenzene, 

C # H,* N: N • C rt Il 3 (011) • N: N • C 0 11 5 

they are often called disazo-compounds. (:}) Those having the 

* Much of the commercial lliMiuuvk brown consists of the compound 
C fi 11 4 1 'N:N •C i; lI..(Nll._,).jh, adisazo-derivative ( r.i .). 

t The whole nomenclature of azo-dyestuffs is of an arbitrary character. 
Thus the compound LVH-/N:N*( gll 3 was originally terme<l azoben/.enc, 
whereas the substance was called uiazobenzem: chloride, 

although the number of nitrogen-azote) atoms is identical in the two com¬ 
pounds. The expression totrazo-compouruls is commonly applied to sub- 
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two N: N ■ groups attached to the same benzene ring, while 
tli** auxoehrome is in .another ring—to/., beiizeneazeben/rnea/u- 
Jlin'lHlI, 

C.;lI .*N: N t i; H 4 X: N ( ,.M4 (Oil). 

• 

(■*>) Tin iso of the benzidine class, in which the two • N: \ • 
groups are in different rings, which are united. 

The (lyestulls of the iirst of these, groups are obtained l*v the 
.action of a ilia/.o-salt. on an ainido- or liydroxy-nzobenzene deri¬ 
vative . thus from dia/oben/'*m > chloride and dihydroxyazoben/cne 

(nxsorcinolazobni/ciu*), roSOrcinoldistlZobeilEOUC IS prepared : - 

; r,;ll;, N : x■« V.lla (OH). 

:= :N*<v.11- (OIJV\.N r, ; H,. i Hr! 

It' sniviiioliii' a/ulu ri/i nr. 

In practice NaOH would be present- to take up the IK 1 !. Tin- 
numbers of the second group are obtained by diazol ising (p. -!♦*)) 
amidoa/oben/ene derivat i\es (or lioimdngue.s thereof), and coni 
Inning the products with amines or phenols : — 

(1) (',11. N:.\ (',II,'NH Ub'1 1 NO-OH 

.\ii)iii<ia/iili. ii/>-nr tiv'le " liloi iijc. 

< X : X*< „H , X . N (T I ‘211011 

( 2 ) (’,11 . N : \ r,.||,-\: vn \ (YH-.ONa, 

A •■•il>.-iiA , iirili:i/"H , l,I.ij Mo. 

n- ('„(!, \: \-(’,ll ( -.\: N'CJITOIt) i Na(’l. 

!:• ii'i rtc.i/i.In n/< ti.■:!/.- i'll.'iml. 

Biel) rich Scar lot, made by dia/.ot.ising a midon/.o benzene distil- 
vhonie acid and combining the prod net- with /j-naphthol, 
is an example of a commercial dyeslulf of this class; it, con¬ 
tains sodium henzem azobenz.enenzo-d-naplit Iml disnlplionate, 

(Y, 11 4 (,S< > 3 Na) • \: X • t YH : <(SO, N a V N: X • (■, „ 11(H f). 

Stances containing four X atoms, w it* i-..». tlm lerm dis.i/u onp*mn<I.. i-s 
iisoil tor compounds containing the sune number oi X atoms, the prefix 
a|»ji|ying in this ease not to the number of atoms but lo the numhei of 
‘ X : X ' group.-. Tinier the-e eiieuUi.-l anei-s the following empirical 
arrangement may be adopted, It standing lor a nnj nucleus:- - 

(1) Mona/o con.pounds of the |.>rrn li 'X:\li; 

(2j l)i>az.o-compounds of the t \pe JTX ; X - lt\N : N-Jt ; 

(d) Hiazo-com pounds of the form KN : X 'Cl; 

( I) frisazo-compounds i!• X : XI' 1 X : N : • K*N:N - H ; 
(.*d*Tctrazo-coin pounds li’X : X 11 • II * X : Mi. 

It will Ic* noticed that in the monazo-eo pounds the • X: X • group i.i 
attached to two ring nuclei; in the disuzo-compoimds two ■ X: X - groups* 
are attach -i to three ring nuclei; in the dmzo compounds a uinglc • X : N • 
group is attached to one ring nucleus, the other bond of the group being 
satisfied with an acid raflidc, (.’1 ; gin the frisuzo-compounds there ate 
three • X’:N • groups attached to four jing nuclei; whilst in tin-telia/o 
compounds two • N: X' • groups arc attached to four ring nueh-i. two of 
which are themselves uuited. ♦ 
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The isomeric compound, 

Ccl^SOyNaJ-NzN-CfiHpNjN-C^H^OHKSOaNa), 

is crocein scarlet. r 

The. dyes lulls ol these two classes of the so-called tetrazo- 
dyestuffs dye wool and silk in acid baths, hut can only he used 
for cotton with aluminium mordants, in which case they yield 
leeble and fugitive shades. 

To this class also belong a number of black dyes, largely used 
for wool-dyeing. They are all derivatives of amidoazonaplitha- 
lone— e.(j ., napllthol black —obtained by combining jS-naphthol 
disulphonic acid with diazntised /^-naphthalene azo-a-naphthyl- 
amine disulphonic acid. Similar bodies— diamiogen black- - 
contain another undiazotised Nil* group, and are capable of 
dyeing cotton without a mordant. They are often again 
diazotised on the cotton, and then combined with a diamine 
or naphthol. 

Members ol the third class are obtained by diazm lsiii" 

<J 0 II 4 -NI1 s5 

benzidine | and its derivatives or their homologues, and 

Cgll j vN I I, 

(/ |; H j*N : X *01 

combining tin*, product, of the form | (tetrazo- 

C ( .ir i -iN:N-tJl 

diphenyl chloride), with amines and phenols. 

Congo red (used as an indicator and a dyestuff) is the tvpeof 
this class, and is prepared by combining diazotised benzidine 
with a-naphthylumine sulplionie acid, the product having the 
formula 

(*,; H 4 ' N : N , r|„M:,(SO: i N r a)(NH.,) 

I 

(:«11 4 ’ N: N • (; 1(> 11 Na)( N11 a ). 

These benzidine tetrazo-dyestuffs are notable as being ' ‘ direct 
cotton colours”—that is, they will dye cotton in fairly fast shades 
without the aid of mordants. It is only in accord with the 
general remarks at the beginning of this chapter that, the cotton 
absorbs the dyestutf more readily from a strong dye-bath than 
from a weak one, and that, the presence of any substance in the 
hath which will diminish the solubility of the dyestuff, such as 
salt, will facilitate the dyeing. 

A dye closely connected with those of the azo-group is primu- 
line, which is the sodium sulphonate of •‘primuline base,” the 
product of the action of sulphur on paratoluidine at a high tem¬ 
perature. The ehromopliore of the priimiline-derived colours 

/N . 

>C. 


appears to he the group 
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The primuline base itself consists of a body possessing the 
formula 

i ; : ii -CJbNH., 

■ s S' 


together with a similar compound containing three such rings. 

Cotton can he directlv dyed with primuline. (yellow), which 
lias a considerable atlinitv for its fibre, but primuline has a 
wider appliration for producing “ingrain’’ colours. The pro¬ 
cesses for producing ingrain colours -consisting in forming 
the dye in the fibre, in similar manner to that adopted tor 
the precipitation of insoluble dyes, eg.. l'bCrO,, in the fibre— 
are specially advantageous in the case of azo-dyes, which may 
he prepared in the fibre by one of two methods (1) the fabric is 
parsed successively through baths containing a phenol in alkaline 
solution and a solution ol a dia/o-eompound respectiveh ; (2) t he 
fabric is impregnated with solutions of a diazo compound and a 
phenol, which are then made to react, by passage through an 

alkali. The great advantage of this method tor azocolours 

resides in the fact that when these are used for dyeing in the 
customary way they must In 1 u-ed as sulplmnir acids on account 
• >f their insolubility, and this necessity is avoided by the pro¬ 
cesses described above; wool and silk have an atlinitv for such 
sulphonic acids, hut cotton h unable to fix them /nr se. 

Inasmuch as primuline • obtains an N 11., group, it is capable 
of diazotisation and of subsequent combination willi a phenol 
or an amine. It thus lends itself to the production of ingrain 
colours, which is hi-.si elleeted in this case by first dyin- the 

d.re with primuline, then diazofising this in situ hy passage 

titrough a bath of sodium nitrile and an acid, and finally treat¬ 
ing the diazot ised fibre in a hath of a phenol or an amine. The 
diazot,ised primuline is decompo-ed bv light, and cannot, 1 m- Mib- 
sc([iiently developed in a phenol hath. It can, therefore, be 
used fhr photographic printing, both on fabrics and films. 

Azo-dyes are characterised by the ease with which they are 
reduced to the corresponding amido compounds by the action of 
such a reagent as stannous chloride, the chromopliore N N 
being thus broken down, the niLtogcn atoms becoming singly 
linked, and pari pawn (he colouring matter decolorised. 

(r) Quinone Derivatives.— A quinom- is a diketom- (a derivative 
containing two ^>0:0 groupsj having a ring nucleus r.g., 


i 




= 0 
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Armst rong lias suggested that the colour of coloured substances 
is dependent upon their possession of a structure analogous to 
that of <|uinone (“quinonoid structure ”). The oxygen of the 
^ 0:0 groups may lie exchanged for other elements or groups, pro¬ 
vided that, the double linking be preserved and the ,, #jumoiMii«l 
Btrui t.ure” of the. product maintained. Another characteristic ot 
the ipiinouoid structure is the existence in the compound of an 
uusai it rated ring nucleus, such as that of benzene, containing six; 
elements, two of which are, the ketone or modified ketone groups. 
(Ireat difficulty lias been experienced in bringing all coloured 
substances within the limits demanded by a quinonoid structure, 
and the hypothesis is accordingly still not fully substantiated. 
A substance such as a/.obenzene, ("),.!'! 5 'N : N*(J,.Hr,, needs pro¬ 
found alteration of its accepted formula to cause it to conform 
with (lie requirements of the theory. 

Quinones generally are powerful chrnmogeus; the >():() groups 
or their equivalents are f he ehromophoivs, and the chief auxo 
chrome is hydroxyl, so that hvdroxyquinones arc the commonest, 
dyestuffs of this class. In quiinmes derived from the benzene 
series the hy<Iroxvquinones and the tetrahydrox vquinones act. as 
feeble adjective dyes, but the dihvdroxyquinones are incapable 
of dyeing to more than a slight ex to lit. In two-ring derivatives, 


<11 


C,H 4 C.-II, 

CO 

tliose hydroxy-derivatives which have an hydroxyl group in a 
posit ion adjacent to that of the quinonic oxygen are alone capable 
of acting as dyestuffs, and usually there must be two hydroxyl 
groups present, adjacent to each other, one of which is adjacent 
to the quinonic oxygen. The chief members of the group of 
quinone dyestuffs are given below; they are mainly used as 
adjective dyestuffs, for although capable of behaving as substan¬ 
tive dyestuffs, the dyes produced are comparatively ieeble. 

Dili vdroxy naphthoquinone, t’ H ,(0H).,0 2 (n&phthazarine ) 
alizaiill black), is prepared technically by Jieating a solution of 
« dinitronaphthalene in strong sulphuric acid with sulphur 
sesquioxidc. The dyestuff rs the sodium bisulphite compound.* 
■' It is characteristic of the ketones, as of the aldehydes, to form 
additive compound-* with bisulphites. 


such as tliose of naphthoquinone, 

II O 

'' C 

IK'I 

lie 

c ' r 
11 0 

and in derivatives of anthraquinono, 
t’O 
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Quinone dyes bull's from benzene or naphthalene arc of little 
importance, but those from the next, higher series (anthracene 
series) are largely used. 

Hydroxyantliraquinones. — In accordance with the statement 
already made relative to the influence of the hydroxy-groups in 
quinonic derivatives of the naphthalene and anthracene series, 
it follows that only such polyhydroxyunthraquinnncs as have 
hydroxyl groups in the I :2 positions (the orientation of 
anthracene derivatives is indicated by the formula below) arc 
d\'-stnil's. The dihydn.xyamhraquiimne in which ilit; hydroxyl 
groups have these positions is alizarin. 

Alizarin was formerly obtained Irom madder. Madder is I In; 
root of Unh'nt fiiirfor/nu, formerly murh eultivated in Italy and 
Kr.mer. Thi- roots are allowed to remain in the ground after 
tie- lea\es have been removed, during whieh sojourn (frequent 1 y 
lu~,i i 11 l;’ tor years) a fermentation occurs, whereby alizarin is de¬ 
velop.-.1 bv tin 1 hydrolysis of tin* olueoside ruberythlin, ( ^.H„ h <), ,, 
rim-. I.gg) ->n_.0 - (’n'llAOMI), . 2( - ( .l L,.,< ‘'The 

fermeni inducim; this change is called erytlirozyilie. Other 
elurnsid.-s an; present, which also yield alizarin, in addition to 
purptirin and isopurpurin. The amount of dried madder oh- 
tai'-<d is about 2-t per rent of tin* weight of the original root. 

I In* total colouring matter :a about b per cent, of the weight of 
the madder. The madder is prepared for tins market, in various 
forms ; thus “ earn tiein ” is prepared by soaking 1 he madder in 
water, adding dilute sulphurie aeid to the moist, mass, and boiling 
with steam whereby the glurosides are hydrolysed; “ flowers of 
madder” is prepared by treating the madder with water or dilute 
mlplmrie acid to remove yellow colourin'; matters. .Madder is 
still used to a small extent, for dyeing wool, but it, has been 
almost, driven out of the field (especially for cotton) by artificial 
alizarin. Alizarin is now made from anthracene, (^,ll l(r which 
is purified by distillation in a current, of steam, ami the finely 
divided product treated with the ealeiilated ipiantit ies of sodium 
bichromate and sulphuric acid, wherein it is oxidised to ant lira 
quinone 

O 




nc ( . . 
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Bv the use of a r<?gulated quantity of the reagr-nfs, oxidation of 
contaminating hydrocarbons is avoided, and a fairly pun- product 
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obtained. The chrome-alum left by the reaction of the sulphuric 
acid on the bichromate of soda is precipitated by excess of lime 
and the mixture of chromium oxide, lime, and calcium sulphate 
roasted, calcium chromate being formed, which is converted into 
sodium chromate by treatment with sodium carbonate solution. 

The anthraquinone is purified by dissolution in two or three 
times its weight of sulphuric acid at 110° C. -- 2«*50° F., and 
crystallisation by cooling, the residue being precipitated by the 
addition of water. The impurities in the anthraquinone are 
converted into sulphonie acids by this treatment, and remain 
in solution. Sublimation in a current of steam completes the puri¬ 
fication process. The anthraquinone is next treated with fuming 
sulphuric acid, whereby a mixture, of mono-and disulphonic acids 
of anthraquinone, 0,, IhO.,(I ISO.,) and (, HI IS( results. 
The temperature of sulphonafion is kept low in order to obtain 
a large yield of mouosulphonic arid, which alone yields alizarin, 
although the. disulphonic acid is not, useless, since from it, are 
ultimately formed isopurpurin and flavopurpurin. The next 
step consists in saturating lhe sulphonie acids with calcium 
carbonate, and converting the calcium sulphonates into sodium 
salts by treatment with sodium carbonate. The intermediate 
use of calcium carbonate eHeets a saving of sodium carbonate by 
neutralising the excess of sulphuric acid with a cheaper material. 
Tne sodium sulphonates are mixed with three times their weight 
of caustic soda (dissolved in water) and some sodium chlorate, 
in an iron pressure vessel provided with an agitator. The 
mixture is kept, at a temperature of ISO 0 to 200° (\ — dolT to 
o ( J2' F. for sonu* days. During this time the sodium anthra- 
quinone monosulphonate is converted into sodoxyanthraquinone, 
thus— 

D,.,ll 70 o(S 0 2 0 Na) + 2NaOII = (! u ll.() 2 {ONa) + Nu 8 S() s +H..0. 

This body is then oxidised by the sodium chlorate in presence 
of caustic soda into di-sodoxyanthraquinone (sodium alizarate). 

Ci.H-O^ONa) + NaOIl + 0 - (’idbOgONa), + H.,(). 

The sodium anthraquinone disulphonates. which are mixed 
with the mono-compound, yield respectively the isomerides 
isopurpurin and flavopurpurin, both having the formula 
(’iiI bO„(Oll) 3 . The melt is boiled with water, and the 
dyestuffs precipitated from the solution by the addition of 
hydrochloric acid, filter pressed, and made into a paste (contain¬ 
ing about 20 per cent, of solid dyestuff) with water. Alizarin 
when once dryed and anhydrous will not ^dissolve readily in 
wat er, whence the practice of selling it as a paste has arisen. 

Nearly pure alizarin is used for dyeing blue shades of red, 
whilst an alizarin paste rich in isopurpurin and flavopurpurin is 
used for yellow- shades. Alizarin is widely used for dyeing and 
printing cotton, and especially, of recent years, for dyeing wool. 
The fabric is mordanted in accordance with the colour required. 
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The metallic mordants form salts (alizarates) containing the 
metals in place of the hydroxyl hydrogen. The colours range trom 
red with alumina, to violet black with iron and violet brown 
with chromium. The mordanted fabric is immersed in a vat 
containing alizarin paste suspended in water, and the whole 
slowly boiled. Large quantities ol alizarin are used for Turkey- 
red dyeing. In the original form of this process the fabric is 
saturated witli an omul-don of rancid olive oil (futile tournantc) 
in sodium carbonate solution, and exposed to the air, preferably 
at a somewhat elevated temperature. Oxidation of the oil en¬ 
sues. and hydroxy-fatty acids are formed, which remain on the 
fibre after the superfluous oil has been washed oil’. The fabric is 
then treated with tannin in a sumach bath, and with aluminium 
acetate, when it is ready for dyeing with alizarin. The presence 
of lime in the alizarin bath is necessary, and, should the water be 
sob, lime must be supplied in the form of calcium acetate. The 
pn liminary treatment with olive oil emulsion is tedious, and is 
t o\v generally replaced bv the use of Turkey-ml oil (r/.r.), the 
m-re.-sity for the oxidation of the fatty acids by prolong* <1 
exposure to air being thus removed. The rest, of the process 
is similar to that described for tin* older method. 'The function 
of liir oxidised oil, however obtained, is stated to be partly (In* 
formation of an aluminium fatty salt, which gives a liner red 
than alumina, itself, and partly tlm protection of the colouring 
matter by a varnish-like thm of oxidised fatty acids an explana¬ 
tion lacking continuation. 

Tetrahydroxyanthraquinones, t 1 ,,11,0,,(nil),.-Tin* most im 
portant of these is “alizarin Bordeaux’’ (used for cherry red 
shades on aluminium mordants) obtained bv the action of fuming 
sulphuric acid on dry alizarin and ireatment of the product, with 
hot water. 

Alizarin cyanine is a pcntahydroxyanlhraquiiione, ami gives 
shades very similar to those of alizarin Bordeaux with alumina, 
but Line shades on chromium mordants. 

Alizarin blue S. or soluble, alizarin blue, is an alizarin product 
of some importance as an indigo substitute. It is prepared l»v 
nitrating alizarin suspended and partially dissolved in glacial 
acetic acid. The product, p-nitroalizarin, (\,] l f ,(N<),,]().,(< Ml).,, 
is heated to 150° 0. - R, with sulphuric acid and glycerin, 

whereby it is converted into alizarin bjjif* which is dihydroxy- 
antliraquinone quinoline, 


i 


AXh 

v n \ L< ( , o > ( .’«( ( )H), 


CILCH 

n=^6u 


The sodium bisulphite additive compound of this constitutes 
soluble alizarin blue. The presence of quinolinic nitrogen in 
alizarin blue give^it a feeble basis character. With chromium 
oxide as a mordant, the blue colour produced by soluble alizarin 
blue is comparable with that of indigo. 
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Acid alizarin blue, largely used for dyeing wool violet, is the 
diiimidodisulphonic acid of anthraehrvson, which contains the 
four OH groups in the positions 1 : 3 : f> : 7, and is consequently 
no dyestuff (?;.#.). 

Another class of quinonc derivatives consists of the quinone- 
oximes. These contain an /NOH group in place of the (> of one 
of the CO groups characteristic of a (juinone. Thus the naphtho 
quinoncoximc, 

NOll 

\ |0 


gives a green dye with iron mordants and a red with cobalt. 

(<l) Triphenylmethane Derivatives. — The triphenyimcihane 
colouring matters are oxidation products of certain amido-and 
hydroxyl-derivatives of the substituted paraffin triphenylmethane, 

HC t ,;lIj 

Toll* 

Thus, paruleucaniline, 

' OflHdNHj) 
no t’ fi ii 4 (Nn,) 

Oflll 4 (Nll a ), 

gives rise fo pararosaniline, 

cC C^H 4 (NH,) 

( r,H. -= (NH), 

when two hydrogen atoms are removed by oxidation. ’ The 
chromophore in this chromogen is the quinonoid group 

(; ‘ 

- R 

in which H is either : JS11 or O. The formula given above for 
pararosaniline does not represent an isolated compound, for it 
only exists in the salts of pararosaniline,* of the form 

/ivuNiy ■ 1 

f'vA n<.j) . 

^C fi H 4 :NH 

A. 

_ . H a _ 

• There is some evidence in favour of regarding the salts of pararosaniline 
and its derivatives as having the form CTC(:C 8 iLNH s )., in which case they 
would partake of the naturd of ethereal salts derived from the carbinol. 
This view requires confirmation. 
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the acid radicles of which constitute the uuxochrome. When 
the salts are treated with bases, a pararosaniline base, such as 
triamidotriphenyl carbinol, 

, CVIdNJb) 

is obtained. 

This is a colourless substance, and on treatment with an arid 
yields a coloured salt, the acid radicle serving as an auxochroine 
as mentioned above. Differences of colour in the dyestulfs thus 
produced are caused by tiie introduction of hydrocarbon radicles 
as substitutes for the hydrogen of the aniido-groups. Kosnnilino, 
the basis of the commonest aniline dyestutf, magenta, diifors 
from pararosaniline in that it contains an amidotolyl group, 

,dl 3 

Cell.,, 

\NU* 

in place of one of the amidoplieny) groups, C 0 H 4 (NH.,). 

Although constitutionally the prefixed “para" refers to tho 
position of the amido-groups in the benzene nuclei with respect 
to the methane carbon atom, yet the expression pararosaniline 
is arbitrarily used to distinguish this substance from the methyl 
substituted body of similar constitution. 

The starting point for dyestulfs of this class (“aniline 
dyes”) is benzene or a homologue. Modern practice requires 
the preparation of approximately pure hydrocarlmns, chiefly 
Mf c , U 6 H 5 (CH 3 ), C 0 H 4 (CH,,) 2 , whereas formerly, mixtures of 
t-i.se were commonly used, sucli as “30 per cent, benzol” and 
“00 per cent, benzol" (Vol. II., p. 88). Tho hydrocarbon 
must first be converted into a nitro-derivative, which is then 
reduced to the corresponding amido-compound. The descrip¬ 
tion of these processes as applied to benzene is as follows:—Tho 
benzene* (about 1,000 lbs.) is charged into a vertical cast-iron 
cylinder and a mixture of 1,280 lbs. of nitric acid (specific 
gravity 1*39) and 1,790 lbs. of sulphuric acid (95 to 9b per 
cent.) is run in, in a very slow stream, the charge being agitated 
and the cylinder cooled until the whole of tho acid has been 
added, when the temperature is allowed to rise to about 
80° C. = 170° F. When the mixture has settled, the acid is 
drawn off and the nitrobenzene, 0„Hr,(NO.‘j, washed with water. 

Nitrobenzene is a yellow oily liquid, boiling at 206° C. = 
403° F., anft having a a specific gravity of 1*18. it has a char¬ 
acteristic, somewhat fragrant odour, apd on this account is used 
for scenting common soaps, as a substitute for oil of bitter 
almonds. When it is to be thus employed it is redistilled 
and termed “essence of mirbane.” When dinitrobenzene is 
required, the benzene is treatetl with two separate nitrating 
charges, and the temperature is allowed to rise more rapidly. 
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The isomeric dinitrobcnzcnos—bodies crystallising in yellow 
needles—are allowed to settle and are washed, first with cold 
water and finally with hot waier. 

Aniline is obtained by the reduction of nitrobenzene by iron 
in the presence of water and ferrous chloride, whiclf acts as a 
carrying agent. When aniline was first made on a commercial 
scale, sufficient acid was used to supply, by the action upon 
it of fhe iron, enough hydrogen to convert C K H s (NO,) into 
0 )5 1fj/NH.,). In modern practice only enough acid (hydrochloric 
arid) is used to start the reaction, which then proceeds thus:— 
The small quantity of hydrochloric acid reacts with the iron to 
form (potential) hydrogen (which reduces nitrobenzene to aniline) 
and ferrous chloride, which in its turn reduces a further quantity 
of nitrobenzene to aniline, hydrated ferric oxide and ferric 
chloride being formed. The ferric compounds arc reduced to 
ferrous compounds by the metallic iron, and then the ferrous 
chloride goes through the cycle of reactions already described. 
The following equations may be taken as representative of the 
changes involved :— 

Ke »• 21 ICl - Ken, :■ II, 

Cfllls'NO.,) t H (i = C,li;.NH.,f r 2H,n 
(:«Hs{NH«) ■: «K«d,‘ t- IU) tV.ll.iiMI,) «■ WuXU + Fe,0, 

Ke,t: l,i + Ke r- :iKol'l. 

4Kc.. 0 3 i Ke = :U'V a n 4 . 

The final products are therefore aniline, hydrated ferroso* 
ferric oxide and ferrous chloride. 

The process of manufacture is conducted in a caM-iroii still 
provided with an agitator and a hopper for the gradual intro¬ 
duction of the iron (borings). A portion of the iron is first 
introduced, steam is injected, and the hydrochloric acid rim in. 
The nitrobenzene is then allowed to enter. At first water, 
aniline, and nitrobenzene distil over, and are pumped back 
into the still. The rest of the iron is added by degrees, and, 
when' the violence of the reaction has subsided, steam is again 
turned in. The aniline is thus distilled over without tin* 
addition of a base (e.y. t lime), which was formerly necessary 
when excess of acid was used. An ordinary charge consists 
of about 2,GS8 lbs. of tarings (“ swarf,” the scrapings of soft 
castings), 2,350 lbs. of nitrobenzene, and lift lbs. of hydrochloric 
acid. Tho reduction should not be conducted rapidly, or with 
excess of iron, as the aniline may be converted under such 
conditions into benzene and ammonia. The distilled aniline 
subsides to the bottom of the receiving tank, and is drawn off 
and rectified, the little that remains in the water taing re¬ 
covered by using this to feed the boilers supplying steam to 
the still in which the nitrobenzene is reduced. 

Aniline, when pure, is a colourless oily liquid (the commercial 
product is generally brown), of specific gravity 1*027, and boiling 
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&t 185’ 0. * 365° F. Aniline ot' good quality does not contain 
more than 0*5 per cent, of water. There are several grades of 
commercial aniline (“aniline oil”) used in making aniline dves. 
Thus, there are the grades “ pure aniline oil ” (“ aniline for blue ”), 
“ aniline fo^red ” ami “ toluidine.” The first is nearly pure aniline; 
the second consists of a mixture of aniline, orthotoluidiye and 
paratoluidine; tlie third is a mixture of orthotoluidine and para* 
toluidine (the latter amounting to about 3.‘> per cent, of the 
whole). Aniline hydrochloride is known commercially as 
aniline salt. These bases, as well as xylidine, are made by 
methods similar in principle to that described for aniline. 

All triphenylmethane derivatives are obtained by the elimina¬ 
tion of hydrogen from phenyl derivatives, in the presence of 
some methane derivative, which may take the form of a nielli\ 1 
group in one of the phenyl derivatives, or may be brought 
into play in the form of a simple methane derivative. Thus, 
triphenylmethane itself was originally prepared by heating 
benzylidene chloride with mercury diphenyl. 

/CVI., 

CfiHjjCHClj + (C 6 H 5 ),Hg = HO ~CV1:, + HgClj 
x tyi; 

In this case it will lie noted that the chlorine and mercury both 
occupy the place of hydrogen, and that their mutual elimination 
is. therefore, chemically equivalent to the elimination of hydro¬ 
gen. The other typical method, involving the use of a simple 
methane derivative, is exemplified by the reaction (in presence 
i f aluminium chloride)— 

(VI l s 

xyi 6 + ciici, = nc v eji,, 1 :mci 
Nyis 

an actual elimination of hydrogen, as MCI, occurring. 

»Sinc%triphenylmethane docs not contain a ehromophore, it is 
not a chromogen. Its amide-derivatives, which, as stated above, 
are capable of becoming cliromogetis, are prepared by methods 
analogous to those already mentioned, the aniido-dorivatives of 
benzene and its lioniologues forming the raw materials. Thus, 
pararosaniline base is prepared by eliminating hydrogen from 
a mixture of aniline and toluidine by oxidation. T 11 this case, 
the methyl group of the toluidine affords Che methane carbon 
atom round which the amidophenyl groups are disposed, thus— 
* /WUNH,) 

2C,H J (NH J ) + CflH. ’ + 0, = HO -C c H<(NH..) + 2H a O 
NH * X C.H <( NHJ 

Of the six hydrogen atoms eliminated by the action of the three 
oxygen atoms, two have been left, together with one oxygen 

20 
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atom, as essential parts of the pararosuniline hast; (the relation 
of which to pararosanilim; lias been already given;. The method 
of ox illation employed is similar to that used in the case of the 
production of rosaniline (magenta; fuchsine). Pararosanilino 
base is only used in the production of “aniline blue ” (r.i\). 

Magenta, the commonest aniline colour, is obtained by a 
reaction similar to tliat expressed by the above equation, save 
that t wo molecules of toluidine and one molecule of aniline are 
the proportions of these bases. This alh-ralion is necessary, 
because tlic rosaniline base contains an amidotolyl group in 
place of one of the amidophenyl groups, thus 

C,II,(Nil,) -f W'dH, <’■’ I II., - HOC fclU'NII..) +211,0 
W1 ‘ -C,IMNU,) 

The treatment of the rosaniline base with an acid induces the 
formation of the chromophorie group, eliminates water and forms 
the rosaniline suit—c.y., 

11 rl 

<V.II 3 (< II 3 ) - Ml 

■ i«n 4 (Xii,i 

The process is carried out in one of two ways, which difl'er 
merely in the nature of the oxidising agent imed. The older 
process consists in heating about ‘>00 kilns, of “aniline for red” 
with 7."»() kilos, of arsenic acid solution containing 60 to 70 per 
cent, of I1..As0 4 , in iron pots, the temperature being slowly 
raised to lNO" ('. 3. r »6 K.. and the contents of the pots well 

stirred. The heating is continued until a sample is found to bo 
brittle on cooling. Only about two thirds of the bases in the. 
aniline for red is converted into rosaniline by this process, the 
remainder distilling over and being worked up with the next, 
batch. The melt containing rosaniline avsenite and arsenate and 
ai’M iiious acid, formed by tin* reduction of arsenic acid, is broken 
up and boiled out with water, sodium chloride and hydrochloric, 
acid being added to the liquor; rosaniline hydrochloride is 
precipitated and is rccrystalliscd from brine. Various other 
colouring matters art; produced in minor amount, and are re¬ 
covered trom the neither liquor. One of the chief is chrysaniline 
<<Y.JI 1 f. N :<>>thehydr ochloride of which is known in the pure state 
as phosphine, a dyestuff used for leather and silk. '*The arsenious 
and arsenic acids are recovered by evaporating the liquors and 
burning the residue with the waste organic itarry) mafter of the 
process. By this means the arsenic is* liberated as As. Its 
vapour is mixed with air °nd burnt to arsenious oxide in another 
chamber. This is converted into arsenic acid by nitric acid, the 
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nitrous fumes from the oxidation being re-oxidised to nitric acid 
bv air in presence of water. Thus nitric acid and arsenic acid 
serve as carriers of oxygen from the air to the aniline and 
toluidine to be condensed for the production of rosaniline. 
.Mag enta obtained by this process is rarely free from arsenic, 
legislative enactments in most countries have enforced the 
absence of arsenic from pigments and dyestuffs, and in con¬ 
sequence nitrobenzene is now largely used as an oxidising agent 
in place of arsenic acid. Aniline for red (100 parts) and nitro¬ 
benzene (10 parts) are heated with a small quantity of ferrous 
chloride to about 173° Cl. -- 317° F. f care being taken not to 
exceed this temperature. The reaction must not be pushed too 
far. and the mass on cooling should still contain some aniline and 
be consequently soft. This aniline is extracted by dilute hydro¬ 
chloric acid, and the main mass containing rosaniline is worked up 
as in the case of that produced by the arsenic method. In the 
nitrobenzene process, the ferrous chloride acts as a carrier of 
oxygen to the aniline. It, is doubtful whether the nitrobenzene 
acts in any way other than as an oxidant, for it appears that, it 
does not yield aniline as a product, or, if it does, that this 
aniline remains as such at the end of the reaction, necessitating 
the extraction with hydrochloric acid already spoken of. The 
dyestuff obtained differs in no great degree from that prepared 
by the arsenic acid process, but is of course free from traces of 
arsenic, and thus meets legislative requirements. The yield, 
especially of the best grade of magenta (//.?».), is, however, slightly 
higher. The total yield is about 33 per cent, of the bases used. 

he bye-product, characteristic of this method is the induline 
(v’ H 1S N 4 ) in place of the chrysaniline of the arsenic acid pro¬ 
cess. Obviously, the cost of this process varies more greatly 
with the price of benzene than does that of the arsenic method 
of preparation. 

.Magenta, as at present met with in the market, is rosaniline 
hydrochloride, C 20 H,,,N 3 , HCJ.fH.X), the manufacture of the 
acetate and nitrate being obsolete. It crystallises in octahedral 
or rhombic tables of green lustre, difficultly soluble in cold water, 
it dyes silk and wool directly from its aqueous solution, and 
cotton with a tannin mordant. Jt is brilliant, but not fast to light. 
When it is required to dye with magenta from an acid dye-bath, 
the sodium salt of the disulplionie acid, ^ H l7 N V S0 8 Na )a» 
prepared by heating rosaniline hydrocljlofide with fuming sul¬ 
phuric acid at 130° 0. - 302° F., the usual practice of neutralising 
with chalk At] forming the sodium salt by the action of sodium 
carbonate on the calcium salt (see Alizarjr.*, p. 300) being adopted. 
Tin 1 substance thus prepared (acid magenta) is a metallic looking 
powder easily soluble in water; it is used for dyeing wool and 
silk. Magenta base # (rosaniline base), C^IT^N^O, is prepared 
by precipitating the hydrochloride with lime or ammonia. It 
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Separates from the filtered liquid in crystals, which arc Colour¬ 
less when kept from contact with an acid, hut speedily become 
pink on exposure to air from absorption of CO.,. It is some¬ 
times used for the production of the sulphonate described above, 
and of other colours ( v.i .). < 

Other aniline dyestuffs (blue and violet in colour) tire deriva¬ 
tives of rosaniline or pararosaniline, containin'; puratlin or 
aromatic radicles in place of the hydrogen in the amide-groups. 
Tie' typical method originally used for preparing them consists 
in I mating rosanilino with a halogen substitution product ol 
methane or ethane— fi.tj., t'11 1 1 or l.f.,11,,1—tint hydrogen ot the 
ami do-groups of the rosaniline being thus exchanged lor a paraffin 
railii le. In modern practice it is tound preferable to Cornell 
substituted anilines into corresponding substituted rosanilin.-s, 
instead of using the substitution process given above. Thus, 
in ill!' preparation of methyl violet (a mixture of teframetliyi , 
pentamethvl- and hexuinethvlpararosaniline), dimethylaniiino 
is prepared by heating aniline with excess of methyl alcohol ami 
hydrochloric acid, or sulphuric acid, in enamelled iron digesters 
at, a temperature of lsO J to 300' t■- .‘i.'iff lo .TdlT I’’. The base 
is liberated with lime, distilled, anil freed from mononietliyl- 
aniline and aniline by freezing artificially. The dimolhyluni'ino, 
U 1| I1, , N(<1H.,).„ is heated in a current ot air with cupric chloride 
(from sulphate of copper and common salt), which behaves as 
an oxidising agent, the cuprous chloride produced acting as a 
carrier of oxygen (<'/. Deacon's Chlorine /Vocess, p. 4 1 1 . IMicnol 
is commonly added, hut its function is not clear. The double 
cuprous chloride of methyl violet is treated with ferric chloride, 
cupric chloride and ferrous chloride being thus formed, and the 
hydrochloride of the methyl violet, is salted out. in the usual 
way; the yield is nearly that indicated by theory. The com¬ 
mercial salt occurs in amorphous masses of green lustre, giving 
violet solutions which become bluer the further the substitution 
of methyl groups for hydrogen bus been pushed. As in the ease 
of magenta, sulphonated derivatives are sometimes prepared, 
the method adopted consisting in reduction to the leucoeom- 
poiind,* sulplionntion (p, 307), and subsequent oxidation. This 
order of treatment is made requisite by the difficulty of directly 
sulphonating methyl violet. Methyl violet dyes silk and wool 
directly, and cotton with a tannin mordant. 

The pure hexamVtlivlpnrurosanilinc constitutes another dye¬ 
stuff of tliis class, and is known as crystal violet. It is prepared 
by tiie action of carbonyl chloride on dim«thyhinilicie in presence 
of zinc or aluminium chloride, the reaction proceeding in two 
stages, thus— 

•The term " loueo-compotmd ” is commonly applied to the product of the 
reduction of organic dyestuffs by means of the action of zinc in acid or 
alkaline solution ("nascent hydrogen"). 
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(i) •>c«h 1 'N(ch 4( + coci. 


(2) CO 


•C,H 4 -N ( OH a ) s 
C,H 4 -X(CH a } a ' 


C 6 H 4 Niai s)j 

= u>< i- -.>iia 

^• s H,X(CH 3 ) : 

Totramethyidiamidobcnzophenone. 

C u lI 4 N(CH ;1 ) a 

Cdlj-NtCiljlj = HO-(\ • •C, i H 4 NiCH a ), 

C ,11, -N (11 j) a 

Hexamethylpararosaniline base. 


The commercial-salt is the hydrochloride, uml is used in the 
same way as magenta. 

the aniline blues are examples of substituted rosanilines 
containing an aromatic radicle. When aniline is heated with 
rosaniline no reaction occurs, unless an organic acid bo present 
(benzhic acid for choice); a very small proportion is recpiisite to 
induce their interaction. The aniline used is pure {“aniline for 
blue”) in order to avoid the red tones produced by higher bases. 
The highest substitution product that can be formed in this 
manner is triphenylrosanilinc, l. ! a( ,ll, # (0„H 4 ) a N 8 , which has the 
bluest shade of the phenyl derivatives. To ensure its production 
a considerable excess of aniline is needed. The method of manu¬ 
facture consists in heating rosaniline base (50 parts), aniline 
(300 parts) and benzoic acid (3 parts) to 1«0° C. -= 300“ F. 
The mass is partly neutralised with hydrochloric acid, and the 
hydrochloride of triphenylrosanilinc crystallises. The aniline 
blue thus obtained is but little soluble in water, but fairly 
ea-ily soluble in alcohol, whence its name “spirit blue.” It is 
chieliy used for the preparation of sulphonated derivatives, 
which are readily formed by the action even of vitriol instead 
of fuming sulphuric acid, the sodium salts being known by the 
names of “ alkali blue ” * and “ soluble blues,” anil being used for 
dyeing cotton, wool and silk.. 

A class of dyestuffs related both to the aniline violets (in 
their mode of preparation) and to the aniline blues, in respect of 
tlm (act that they are aromatic derivatives, may be mentioned 
here. They include Victoria blue and night blue, and are di- 
plionylnaphthylmethane derivatives. By the action of COC1, 
on dimethylaniline, as in the preparation of the aniline violets, 
tetramethyldiamidobenzophenone is produced. This is heated 
with a dehydrating agent and phenyl anajiblhylamine, yielding 
bodies of the form ’ 

1 . /C„H 4 'K<CH,>, 

c—C„H 4 -N(CH, 1 , 

= N(C,H,) 

/\ 

. H :■] 

—---#—- 

* This ’can be used in an alkaline bath, hence its name. 
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These* blues dye silk arid wool from an acid bath, and cotton 
with an alumina and oil mordant or with tannin. They are not 
fast to light. 

The foregoing dyestuffs contain three ainido- or substituted 
amido-groups. Another series of dyestuffs is derived from 
diainidotripheny lrnet ham;— 

^ (VldNIf.) 
lie' t.\; 11 4 ( N" Hj) 

X C,I1, 

The principal dyestuff of this class (malachite green or benzal- 
deliyde green) is prepared by heating a mixture of ben /aldehyde 
and dimethyInniline with hydrochloric acid, whereby water is 
eliminated, thus — 

/<\d h-FM-H,). 

2(V I H ft N(CH:d 2 ' c: 6 ll»i;il0 = lit: C 6 H PNtCIl.it; Iff) 

c ti n.-. 

The leneomalaehito green thus produced is then dissolved in 
hydrochloric acid, and oxidised by the addition of Pb(>.„ thus— 

.(V l H l -N(('H:,Y. / r, ; ll, 

ire, r„ii, X(i'ii,) 2 i-o > iici := v.f r.|ii,-N((:n,i ; ■ n.o 

(«ll a Nil 'll.,;! 


CM- Cl 


The lead, which remains in solution as chloride, is precipitated 
by means of sodium sulphate, and the dyestuff is salted out with 
zinc chloride, with which it forms a double salt constitut ing the 
commercial product. The oxalate is also prepared. Malachite 
green forms green crystals of metallic lustre, readily soluble in 
water, dyeing wool and silk directly, and cotton with a" tannin 
mordant. It is not a particularly fast, colour. 

Aurine dyestuffs are triphenylmetliaiie derivatives containing 
phenolic hydroxyl groups, the parent substance being trihydroxy- 
triphenyhnethane, 


IIC 



<:«h 4 (OU) 

IVWOH) 

c t; ir 4 (OU) 


A method of synthesis of theoretical interest consists in con¬ 
verting pararosnniline hydrochloride into triamidotriphenylcar- 
bind trihydrochloride, 


, <’ 6 lf 4 (Xli,)H(i 
HO - C ^- C«H 4 (NH,)HC1 
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by the action ol hydrochloric acid and water. By treating this 
with nitrous acid it is diazotised (p. 293) into 

N:.V('I 

BO-C^—C 4 H,-N:N Cl 

X 't' 0 H<'h':N'CI 

which, on hydrolysis, is converted into trihydroxytriphony 1- 
carhiuoi, 

.^tV.IIdOH) 

HO-C 

' N 'C«H 4 (01I) 

this body at once loses water, and becomes the corresponding 
inner anhydride (aurine), 

, IV.II, oil, 

C'' C,,11,(1)11) 
i.!!. 0 

The actual members of this class of dyestuffs are substituted- 
aurines. 1 he commercial product called “aurine” is prepared 
by heating 3 parts ol phenol with 2 of anhydrous oxalic acid 
(potential formic acid) and 1 ■:> of strong sulphuric acid, to a 
temperature of 120 J to 130' C. = 218° to 2(10” F._ 
dl ...C,dld'll 

3C$M ( OH + C ,Os 0 = C f,,11,011 + 311,0 

' oil <-„lI, i) 

To., formic acid represented above is a product of the breaking 
down of the oxalic acid j the source of the extra oxygen required 
is not definitely known, hut it is probably the air. The molt is 
extracted with water, the product being a green lustrous sub¬ 
stance, becoming brown oil.powdering. The commercial product 
obtained in this way is termed yellow coralline, and consists of 
a mixture ot aurine, rosolic acid- its methyl derivative and 
other colouring matters. By tin* action of ammonia, in alcoholic 
solution, upon coralline, a mixture of substances'(cal led peonine) 
intermediate between aurine and rosolic acid on the one hand, 
and pararosaniline and rosaniline on the other, is obtained. 
Coralline is not a fast colour, and is chielly used for colouring 
wall paper, and as an indicator. r 

Phthalein dyestuffs are a class of tripbenrlmethane derivatives, 
of which tile chromophore is the lactone ring— 


-Cv 

-CO- 


They may be regarded as substitution products from phthalo- 
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phenorn 1 which is the innfir anhydride (lactone) of triphenyl- 
inethanecarbinoh'i'thoiarboxylic acid :— 

, ('„ii..-tolls 
HO-C:' ■ L'„II 3 - OC —C„1I 5 + ft,0 

^'CclUCOOil \ Coll,-CO 
! . ..! 

Tripheiiyliiiothsuurttrblnolortho- I’hthalojihciioiic. 

carlKixylii! add. 

They are obtained by the use of phthalic anhydride.* 



When this compound is heated with phenols (the OH groups of 
which act as auxochtomes in tin? final product), water is elimi¬ 
nated, and two ring nuclei take the place of one of the carbonyl 
oxygen atoms, as will be seen in the following case :— 

P*y heating phthalic anhydride with phenol in the presence of 
a dehydrating agent (<?.</., ZnOL), the. following reaction occurs:— 
/('--■() / ° 

C.H, >0 1-BC.H.- OH.CoM, < >0 

C =.- o C 'fi H 4 '■111 

The body thus formed may also he represented as dihydroxy- 
phthalophenone— 

^ c 6 h 4 -oh 

' OC^ ('tdU'OH 

! CJI^PO 

i. .1 

This compound (phenolphthalein) — which is a pale yellow 
crystalline substance, sparingly soluble in water, but freely in 
alcohol—yiolds derivatives in which the phenol hydrogen is 
exchanged for an alkali metal; these are bright red and are 
decomposed by the feeblest acids (e.g., CO.,), so that phenol¬ 
phthalein is useless as a dyestuff, but valuable as an indicator. 

Fluorescein is obtained when resorcinol (metadihydroxy- 
benzene), C 6 I1 4 (0H) S , is substituted for phenol in the above 
reaction. 

* Pbtlmlic acid is made by oxidising naphthalene by heating it with 
sulphuric acid of 100 per cent, strength in pres^ice of nuCcury. Tho 
mass is heated to 300° C., whereby the phthalic acid is dehydrated and 
phthalic anhydride distils. The sulphuric acid is, of course, reduced to 
sulphur dioxide, and by reconverting this into fmlphuric acid (by the 
contact process, Vol. 11., ('hap. I.)* atmospheric oxygen becomes the 
actual oxidant of the nnphthauyie. Phthali'* anhydride crystallises in 
Jong flexible colourless needles, inerts at 1*28° C* = 282" F., boils at 
284 C. — 543° F., and becomes converted into the acid when boiled 
with water. 
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The resorcinol for the manufacture of this dyestuff is prepared 
by fusing benzene metadisulphonic acid with caustic soda. The 
sulphonic acid is made by heating benzene (free from thiophen) 
with strong sulphuric acid, which first yields the monosulphonic 
acid ; on neating this, dissolved in the excess of sulphuric acid 
originally taken, with sodium sulphate in order to allow of a 
high temperature (225° C. 437' ¥.) being obtained (by the 
formation of NaHS0 4 ), the disulphonic acid is produced; it is 
converted by the usual methods into the sodium salt(p. 300), and 
this is added to fused caustic soda, with which it reacts thus :— 
C 6 H 4 ($0 3 Na) 2 + 4NaOH = C 6 H 4 (ONft)., + 2Na*SO, + 2H a O 

The sodium resorcinol is dissolved in water, the solution made 
acid witli hydrochloric acid, and the liberated resorcinol ex¬ 
tracted with amyl alcohol, which is afterwards separated by 
distillation, leaving crude resorcinol which is purified by dis¬ 
tillation under diminished pressure. Resorcinol crystallises in 
colourless needles and prisms, melts at 119° 0. = 24G° F., and 
boils at 276° C. = 529° F. 

Fluorescein is obtained by heating a mixture of two molecules 
of resorcinol with one of phthalic anhydride to about 200° C. = 
392° F. No dehydrating agen* is necessary. The first product 
is resorcinolphthalein, 

OC-— CcH s (OH) a 

: CiH.t’o 

!_J 

wL'ih then loses a molecule of water, becoming fluorescein, 

/ S ° 

OC- ; t: c H.,(OH) 

I * C«H 4 CO 

I_! 

Fluorescein, as generally prepared, occurs only as a brown 
crystalline powder, insoluble in water but soluble in alcohol 
to a brown solution, showing, particularly when dilute, a green 
fluorescence. It is too sensitive to light to be used as a dye¬ 
stuff ; its halogen derivatives, on the otyer hand, are thus 
employed. Such are the eosins, alkali salts of halogen sub¬ 
stitution prt^lucts of fluorescein. Ordinary or “soluble” eosin 
is the potassmm salt df tetrabromofluorescein, 

/ C 6 HBr a (tAv) 

/ >> 

. OC<- C 0 Hflr;Ok) 

I ^C 0 ft,CO 
I_I 
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It is prepared either by direct bromi i 

pended in alcohol, or by preparing a “Nation 0 f fluorescein sus- 
and bromate, by dissolving bromine inj xture () f sodium bromide 
the solution (to decompose hypobrom? caustic soda and heating 
with one of fluorescein in caustic soda f „ixiu^r this solution 
mixture. The acid liberates bronun^j tin? cooled 

hydrobromie acid and bromic acid, an^ ], v the interaction of 
of tint fluorescein which, being insoluble Elects the bromination 
is precipitated. It is dissolved in potassm., the aqueous liquid, 
and the potassium salt is thus formed. - carlxmato s<jlut.ioii, 
crystals, highly fluorescent in dilute solutan og j n f ormg re( Jdish 
dye, though bettor in this respect than 10n jt, is not a fast 
for wool and silk in an acid bath on aec fluorescein, but is used 
shade which it yields. It is much y,ounfc of the. brilliant red 
preparing lake pigments ised for red inks and for 

Eosins soluble in spirit, (erytljj r 
substituting the group 011 3 or Aifines) are also prepared by 
sodium salt of tetraiodofluowj^Hj for one atom of lv. The 
known as erythrosin. Thia^cein constitutes the dyestuff 
direct action of iodine u \>f substance is prepared by the 
oxidising agent, which incifm fluorescein in presence of an 
the hydrogen iodide forfjontally secures economy of iodine, 
to iodine, which is avafned by metalopsis* being oxidised 
duct is used to some c.ble for further reaction. The pro- 
and for making orthochr-ent as a dyestuff, as an indicator 
the substitution of + wn,Viatic pliotographic dry plates. By 
atoms in nsrhied u^-vvi^O., groups for two of the bromine 
umary cosin, eosin scarlet or safrosin can be 

' t ,ared. 

By heating resorcinol with a chlorinated phthalic anhydride 
instead of phthalic anhydride itself, bodies are obtained which 
contain chlorine in the C fl H 4 group. These substances, as well 
as their bromine and other derivatives, obtained as above, find 
application in silk dyeing. 

By substituting pyrogallol, C 6 H 3 (OH) 3 , for resorcinol'in the 
reaction with phthalic anhydride, gallein is obtained instead 
of fluorescein. (Both this and similar derivatives of phenols 
containing more than two (OH) groups, yield darker colours 
than those of the dyestuffs from phenol and resorcinol.) The 
primary product is pyrogallolphthalein, 

OC — C c H..(OH) :l 
! ^CeH.CO ‘ 


# Motalepsis is a convenient term for the cla.ss of reaction tvpiried by 
the removal of hydrogen by a halogen, as its hydrogen compound, and the 
simultaneous substitution of the halogen. 
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which, losing two molecules of water, becomes 

,C„H..<OH) 

/>. 

OC (— C 6 H,(()H) 

j ^C.H.CO 
ami then, by oxidation by air, gallein— 

/ t' a H (Oil) 

/ i y 

I % f'olb'CO 


In the manufacture of t lie dyestuif,gallic acid, 0 fi TI 2 (01 f) ;i OOOTT, 
may lie used instead of pyrogallol, as on heating it is converted 
into that body, C0 2 being eliminated. (Commercial gallein is a 
violet paste, dissolving in alkalies with the production of a blue 
colour. I t dyes chrome-mordanted wool a dark violet. CoBrulein 
is prepared from gallein by heating the latter with 20 times 
its weight of strong sulphuric acid at 200° 0. — .'W2° F. Its 
empirical formula is <-\, 0 II s <being gallein minus a molecule 
of water. Its structure is not definitely known, hut it is 
believed to be an anthraquinono derivative, whence its alter¬ 
native names anthracene green and alizarin green. In iuii com¬ 
mercial form it is a black paste, soluble in alkalies; it is much 
used for dyeing wool and cotton, especially itt ealico-printingi 
It yields a fast olive-green colour with various mordants. • A; 
soluble form of coerulein is the sodium bisulphite compound, 
0. Jft H 8 ( )g, 2 NaIIS0 3 . 

Tl*‘. foregoing phthalein compounds are of an acid character, 
owing to the presence of ph< nolic hydroxyl groups. TVhen for 
these are substituted amido-groups, basic dyestuffs are formed. 
The simplest method of attaining this end would be, for example, 
to use metamidophenol, C c H 4 (()H)(NH) 2 , instead of resorcinol, 
as the compound to be heated with phthalic anhydride. The 
substance thus produced is of no practical value, but on using 
diethylmetamidophenol the dyestuff # kifown as rhodamine is 
produced, thus— 

, ' 

0 

. .X'fiH;! = N(C S H S )|CI 
>0 • 

- C C fl H a b (OjHj). 

C S 1I,(C0 • Oil) , 
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This body, losing water, becomes rhodaininc, 

/ ) 0 

OC x (•,;!!.,-NICjHJj 

' x c c ii,c:o 

!_I 

The commercial product is the hydrochloride of the, base, and 
is obtained as a red powder soluble in water to a red fluorescent 
solution. It dyes silk and wool directly, and cotton with a 
tannic acid mordant. The colour is fairly last. 

A dyestufl' known ns rhodamine S is a condensation product 
of dicthyluietamidophcnol with succinic anhydride 

, 0,0 
C,ll,< ,0 
o'- t) 


in place of phthalic anhydride. It is not, therefore, a triphenyl- 
methane derivative. It is very similar to rhodamine itseli in 
its dyeing properties, but dyes cotton without a mordant. 

( e) Azine Compounds.—The characteristic grouping which 
distinguishes these compounds is 


. N 



R" is a divalent radicle, such as (O ti II,)'\ or its substituted pro¬ 
duct ((yj^-CUa)". The tvyo N atoms occupy the ortho position 
in both rings. Thus, the simplest body of this class will be 



Diphenylene azine or phenazine. 


The nitrogen ring is^thys seen to be attached to adjacent C 
atoms; the nitrogen atoms are therefore in the ortho position. 
/iN\ * • ^ 

The group I t is tjie chromophore of these bodies, but 

• * 

• It is possible, however, that this group really possesses the constitu¬ 
tion indicated by the formula R" <f R*. * 
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they become dyestuffs only on the introduction of the auxo- 
chrome NH 2 or OH. 

An example of the formation of an ezine is furnished by the 
reaction between a dihydroxy-derivative and an ortho-diamine, 
in presence of oxygen, thus:— 


OH NH..i '| 

+ I ! +0 



Pyrocatecbol Orthophenylenedlamlne. 

(Orthodihydroxybenzene). 



Phenazino. 


A general method for preparing dyestuffs of azine type, consists 
in heating an orthoanmloazo-compound with a monamine. I ho 
reaction may be represented as proceeding in two stages : 

(i) (NH,)(CH,)C«H, ' N : N • CV.H 3 (0U;,)(Nt- 11 4 
Orthoamidoazotolueno. 

= 20„H,(CH,)(N1I,) 1 

Orthotoluylenediamine. 


( 2 ) C,H,(CH,)(NHj) 8 + C.oHdNII,) 

«-Naphthylamme. 

/N .. 

= (CH a )C 0 H,,<Q ^CiolMNiy + Ho 

Eurhodine (amidotolunaphthazine). 

It is obvious that the elimination of II in tint second part of 
the reaction more than balances the absorption of 11 in the first. 
Thus, the reaction can proceed without the introduction of an 
external reducing agent. The use of an excess of the azo-com¬ 
pound serves to absorb the excess of hydrogen after the above 
equations are satisfied. The actual lyetllod of production con¬ 
sists in heating orthoamidoazotolucno with a-naphthylamine 
hydrochlonde, dissolved in phor'ol, at 130" C, = 260" F. \\ lien 
the melt has become scarlet, the hydrpehloride of the eurhodine 
is precipitated by the addition of toluene. Treatment of the 
hydrochloride with an alkali yifelds the free base, which forms 
yellow prisms or bijown needles, C'inee the salts of eurhodine 
are decomposed by an excess oft water they are not adapted for 
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use as dyestuffs, the scarlet shade which they impart to fabrics 
being bleached by water to the yellow of the free base. 

Another dye of this class, but distinguished by containing two 
atnido-groups (one of which contains two methyl radicles) is 
toluylene red, which may be formed thus— « 

+ CyHefNHjh + 

Dimethylpara- Metatoluylene- 

phenylenediamine. diamine. 

/N- 

=» IN(CH 3 ) 2 )C 6 H s < I vC 7 H,(NH 2 ) + 3II 2 0. 

N x 

Toluylene red. 

This dyestuff is also obtained as a decomposition product on 
heating toluylene blue (p. 322). It dyes cotton with a tannin 
mordant.. Alkalies change its colour to yellow. 

It will be seen that the eurhodines are ainido-derivatives*of 
azines. By hydrolysis (heating with strong hydrochloric acid 
under pressure to 180° C. = 3(55° F.) the ainido-group is ex¬ 
changed for hydroxyl, the corresponding eurhodol being the 
product. The typical compound of the class is hydroxytolu- 
naphthazine. It is prepared from eurhodine in the manner 

,N N 

indicated above. As in the case of all azines, the \ I )> 

\x/ 

group has basic properties, so that the eurhodols, which contain 
also phenolic hydroxyl, behave as both acid and basic compounds. 

Most ol the basic dyostu lfs hitherto dealt with are referable 
to ammonia as a type. The safranines, about to be spoken of, 

( are, on the contrary, complex ammoniums, and are called azomum 
\ bases, since they resemble the azines in structure, save that one 
\ of the chromophoric nitrogen atoms has become pentatomie and 
therefore capable of fixing a monovalent positive radicle and a 
monovalent salt-forming element or radicle (e.g., 01). They all 
contain four N atoms, and at least three benzene rings. • 

The general mode of preparation of these substances may be 
typified by the oxidation of a mixture of one molecule of a 
paradiamine, such as paraphenylenediamine, with two molecules 
ot' a monamine (as a salt— e.g., the hydrochloride), such as ani¬ 
line. The first stage of the reaction takes place between the 
diamine, oxygen and one of the molecules of the monamine, to 
produce an indamine thus— 

C 0 H a NH, + O, + NH,.- ^ \ - NH,| 

* Paraphenylenediamine. • 

= NH + 2H s O 

Indamine. 
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It would seem that paraphenylenediamino first becomes quinono 
di-imide 



i.e., quinone with (Nil)" in place of the O of the quinone 0 = 0 
groups, and that this then undergoes condensation with the 
aniline. In the second stage of tin* reaction, the indamine and 
the second molecule of aniline (as hydrochloride) undergo a 
further condensation and oxidation, hydrogen being again re¬ 
moved as water. 


Indamine. Aniline hydroehlorido. Pin mwafraiiine »^il«*ri«l»*. 



The chlorides of the safranines are red, anil become blue in the 
presence of strong hydrochloric acid and green in that of strong 
sulphuric acid, from the formation of a diacid and a triacid 
salt respectively. Oil dilution with water the latter are de¬ 
composed, and the ted colour is restored. Phenosafranine is 
prepared by the. reaction given above ; the hydrochlorides of 
the bases employed being dissolved in hot water and oxidised 
by potassium bichromate or manganese dioxide. Tim first stage 
(the formation of the indamine) is indicated by the appearance 
of a blue colour, which speedily gives place to the red of phono- 
safranine. The chromium or manganese oxide and less basic- 
dyestuffs present as impurities, are precipitated by caustic soda, 
the solution filtered and the dyestuff Salted out, after the addition 
of hydrochloric)acid. Phenosafranine dyes ;yool and silk directly, 
whilst cotton requires a tannin mordant. The corresponding 
body, tolusa,fanine (safranine T), is also a red dyestuff, capable 
of dyeing wool in an afktdine bath, and having a slight attraction 
for cotton fibres ; a mordant is, however, necessary for the pro¬ 
duction of a fast cob ar. This dye, prepared by the oxidation 
of one molecule of p-toluylenediamine, one molecule of o-tolu- 
idine, and one molecule of aniline, is practically the only safranine 
of this series used at present. 
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Mauveine has the empirical formula C ;7 ir, 21 N 4 , and has been 
shown to be a phenvl safmnine. It ia made by the oxidation of 
aniline oil containing toluidine, by bichromate of potash and sul¬ 
phuric acid. A black mass is obtained from which the mauve may 
be extracted bv water. It was the lirstdyestuffolilaiiied from ani¬ 
line. It is sold as a violet paste and dyes silk and wool directly' 
Naphthalene red (Magdala red) is another dyestuff of tins class 
made by reactions similar to those used for phenosafranine.but lias 
naphthalene rings in plaee of the benzene rings of the last-named 
dyestuff'. It is made bv heating a mixture ot a-amidoazonaplr 
thalene and o-naphthylaminc. Naphthalene red has the formula 
/ N V 

Cl' \:,„lio!.NH s ) 

and occurs as a dark brown powder sparingly soluble m, hot 
water. It imparts a pink fluorescence to silk, hut is scarcely 
used at present. 

Naphthyl violet, which has the formula 

Coll A'l 

and its phenyl-derivative, naphthyl blue, 

HvCoHslNCjolls ii»lIfl^* U(CflHj) 

c.hA-1 

are safranines obuined by beating nitroso /I-naphthylamine with 
o-iiaphthylamine hydrochloride and aniline. Naphthyl blue is 
also obtained by the action of phenol on henzeiieazophenyl-*- 
niiphthylaininc, two molecules of the latter condensing to pro¬ 
duce the dve. Doth naphthyl blue and naphthyl violet are 
used chiefly in the form of their sulphonic acids, which produce 
a strong fluorescence on silk. 

A dyestuff' of similar constitution, although not strictly a 
safranine, is Basle blue, produced from diphenyl—2 :7—miph- 
thylenediamine by treatment with nitrosodimothylamline. It 
possesses the constitution¬ 
s'-^ 



N(CH,), 


anil is used with tannin as mordant. 

*In these compounds it is uncertain whether the nitroRen atoms arc linked as shown 
In the formula for uaphthalefce red or as in that for naphthyl violet. 
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Among the minor classes (not provided for in the classifica¬ 
tion given at the head of this section) of synthetic organic 
colouring matters, the following groups and individuals may 
be mentioned:— 

Quinoaojdmes.—The simplest quinouoximo has the lormula 


0 

I! 


V 



II 

N(OH) 

It is sometimes regarded as uitrosophenol, C 6 H 4 (NO)(OH). 
Thif substance is not used as a dyestuff, hut the corre¬ 
sponding body derived from resorcinol, C 0 H 4 (OH) 2 , viz.— 
“ qumonedioxime " or dinitrosoresorcinol 


0 

II 



II 

N(OTI) 


is thus used, and is made by adding sulphuric acid to an aqueous 
solution of resorcinol and sodium nitrite. The commercial dye¬ 
stuff, known as resorcin green or solid green, occurs as yellowish- 
brown or green plates, or as a brownish powder. It is sparingly 
soluble in cold water and acts as an acid dyestuff. It is used 
for dyeing cotton on an iron mordant, the dye produced being 
green. .Another dyestuff derived from resorcinol is lacmoid, 
0 12 H 9 N0 4 , the constitution of which is not definitely known. 
It is a dark violet substance, used as an indicator. It is made 
by heating 100 parts of resorcinol with 5 of sodium nitrite 
and 5 of water at 120° C. = 248° F. 


Naphthoquinoximes, 0 = C 10 H„ = NOH.—Two isomerides exist; 
they are obtained by treating the corresponding naphthols with 
nitrous acid, and are sold under the name* of gambine R and 
gambine Y. They are used in calico-printing, with iron mor¬ 
dants, and pibduce a green shad'! The iron derivative of the 
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is sold as naphthol green. It is :i dark green powder soluble in 
water, and dyes wool ami silk directly. 

The derivatives of the chromophore quinonedi-iniide, 


MI 

II 



Nil 

obtained by the interaction oi the diehloro-derivative of this 
compound, C,.II/N(J1).„* with an aromatic amine, are called 
indamines. They are more conveniently obtained by the oxida¬ 
tion of a mixture, of equal molecular proportions of an aromatic 
paradiumine and some other aromatic amine. Tlie equation for 
this reaction for paraphenylenodiamine and aniline has been given 
above (p. 310). The indamine produced 
^C 6 1I 4 - NH 
NC 

^<:,.h 4 (NH 2 ) 

is known as phenylene blue. It is a basic body, and its salts are 
greenish-blue, dissolving in water. They are not largely used. 
Toluylene blue lias a similar st ructure, 

^/C 0 ll4N(CU 3 ) 2 

M: 6 H 2 = Nil t 

„ / \ 

CH 8 Nils 

and is obtained by oxidising a mixture of dimethyl pnraphenyleno- 
<liamine and metatoluylenediamine. The dyeslulf is generally 
prepared as tho hydrochloride. It is very soluble in water. 
When heated it yields toluylene red (p. 318). 

Theindophenols maybe regarded nsderivativesofquinoi.eimide, 


NIL 



0 


* Obtained by the action of bleaching powder solution on paraphonylcrio- 
diauiino hydrochloride. 

tThe relation to <|uin(*no di-imido is indicated by the presence of two 
doubly-linked N atoms. 
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so that they differ from the indamines in that the (Nil)' group is 
exchanged for a doubly-linked oxygen atom. ’! liey are obtained 
by substituting phenols for amines in the method already given 
for preparing indamines. Thus, the oxidation oi equal molecular 
proportions of paraphenylenediamine and phenol gives indo- 
plienol, the equation being 

C,H 4 (NH.)j + C,H,OU + 0, = O-Oflll*—NC fl H 4 NUj + 211/). 

This typical indophenol is of no practical importance. Tho 
dimethyl derivative (phenol blue), a greenish-blue substance, is 
used its a dyestuff. 

Naphthindophenol,* 0 = C 10 H a = NC 0 H 4 !N(Oll : ,).J. is the 
most important of this class of dyestuffs; it is known as 
naphthol blue, and is prepared by oxidising an alkaline mixture 
ofedimethylparaphenyleuediamine and a-implithol by means of 
air or bleaching powder. It is a dark blue powder wilh a 
coppery lustre, resembling indigo, for which it is much used 
as a substitute. It will be seen that the indophennls have no 
(OH) group, and are therefore not phenolic. 

Their leuco-compounds, however, have a phenolic function 
and are soluble in alkalies, and from tho solutions tile indo- 
phenols are precipitated by oxidising agents, again recalling the 
behaviour of indigo. It follows from this that, these dyestuffs 
can be applied in the reduced soluble state, and then oxidised 
on the fibre, being, in fact, ingrain colours (see I’rimuline, 
p. 296). 

Dyestuffs containing Sulphur as an Essential Constituent.—One 
of these (primuline) has already been considered; its constitu¬ 
tion is not sufficiently settled to bring it into this group, the 
dyestuffs in which are related to the indamines. This connection 
is evident from the.formula for thionine, viz.:— 

^c„h 3 = nh 

• , N < > s 

Compare that for phenylene blue (p. 322). 

On comparison of this with the formula for the azitie dyes, 
it will be seen that these derivatives may also lie regarded 
as “thiazines” (better termed sulphazines ; also termed thia- 

N \ , * 

zimes) having the group ,, > 

S i *5 • 

The ohromophore is the same as in the indaminc dyestuffs. The 
dyestuff in the form usually prepared, is known as Lanth’s 
violet, which is tho h^droehloiMa of the base thionine. It is of 
no commercial importance. , 

* Commercially known timply as indophenol. 
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Methylene blue is an ammonium base, but its structure is 
, otherwise similar to that of thionine, being 

CH 3 <’l 

v 

= N(C1I 3 ) 

N<^ >S 
\c 6 H 3 -N(CH,) 3 

The principle underlying the methods of making this body is 
the oxidation of dimetnylparaphenylenediamine in the presence 
of sulphur. For making thus diamine, dimethyl aniline is 
treated with nitrous acid which converts it into nitrosodi- 
methylaniline, and this compound is reduced either by zinc or 
sulphuretted hydrogen. In the older process, this dimethyl- 
paraphenylenediainine was treated with H 2 S and ferric chloride 
in acid solution. The reaction may be represented thus (the 
ferric chloride acting as an oxidant)— 


2C e H,<^ 


NH, 

N(CH,) a 


+ H a S + 2HC1 + O s 


CH 3 Cl 


y C,H, = NCH 3 

= Ns + NH.Cl + 3H s O 

\C«lVN(CH a ) a 


The methylene blue thus obtained is thrown out of solution by 
a mixture of salt and zinc chloride, a compound with zinc chloride 
being produced. According to modern practice the following 
process is preferred to that described above, as affording a Vetter 
yield. It will be seen that whereas in the Older process a portion 
of the dimethylparaphenylenediamine is broken up with the 
elimination of ammonium chloride, thus causing the consumption 
of the nitrogen of a costly substance for the production of ono 
of relatively insignificant value, in the later method no such 
waste occurs. Dimetjiylparaphenylenediamine is oxidised, and 
the red product treated \yith sodium thiosulphate and an acid. 
The compound thus obtained, dimethylparaphenylenediamine 
u thiosulphonic * acid (v.i.), is mixed with dfrnethyl&miiue hydro¬ 
chloride, and oxidised with a solution of potassium bichromate. 
A green crystalline indamine separates, ^his is boiled with ;u 
solution of zinc chloride, whereupon methylene blue is formed 
and crystallises as a double chloride. Tbe chemistry of tin* 
process will be obvious from the'following equations:— 
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/.Nil, -Nil 

(1) 2C,H,< + 2HC1 + 0, ='20,11,;: + 2H,0 

X N(01I,), '^N'Oll, 

/\ 

. OH, 0! 

Dimethylparaphenylene- Methylquinonediiraida 

diamine. methochloricie. 

(lied oxidation produce.) 


/NH 

<2j 0,H ," + HS'SO,H = C,Ha 

%NCH. 


A 

CU, 01 


-NH 3 +HC1 
s S’S0 2 0H 


Dimethylparaphenylene- 
diamine sulphosulphonio acid.* 


.N(CH 3 ), 

ifti CcHA-NH, + OjHj'NICH,), + 0, 


s S'SO,OH 


Dimothylaniline. 


Or.H,. 


A'lCH,), 


= N 


s-s 


o 


\ 0, 

X C e H,'N(CH 5 ), 


+ 211,0 


Tetramethylindamine sulphoaulphonate. 

(Green compound.) 

This compound on being boiled with zinc chloride solution in 
presence of iron is both hydrolysed and oxidised, fcho reactions 
being shown in the following stages— 

• N(OH 3 ) 2 


(1) N 


A 


0»H, 


"S'S 

. 0 , 

' C 6 H,'N(CH 8 ), 


+ H,0 


* r . „ /Ntciy, 

= ii.n A " 3 y* + h,so. 


' C,H,-N(CH,) t 
Leucomethylene blue. 


Cl OH, 


(2) IS<^ * > s + HCI.+ 0 = NA \ s + 11,0 

x n ir .\T/rut*i \ „ .. A._ 


C«H,'NlCHl), 


X C,H,N{CH,| 2 
Methylene blue. 


Methylene blue is easily soluble in w*ter. Like ammonium 
* Loosely termed thiosulphonic acid. 
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bases generally it is not a good dye for wool, but it finds 
considerable application for dyeing silk directly and cotton with 
a tannin mordant. It is buster to light than is Victoria blue— 
another basic blue dyestuff. It is of value as a stain for micro¬ 
scopic objects. 

Methylene violet is prepared by treating dimethylpara-amido- 
phonol with an oxidising agent in’presence of sulphuretted 
hydrogen. Since the parent substance contains but one ainido- 
group, methylene violet has the structure 

<‘,.11* o 

N /' N S 
\(’,ll»-NlCII,) s 

Oxazine colouring matters. - --These compounds are analogous to 
the preceding, for they are similarly constituted save that oxygen 
is substituted for sulphur. They may also be prepared by 
methods similar to those employed for their sulphur congeners. 
Thus, paradiamines may be treated with phenols in presence 
of oxygen, which takes the place of the sulphur used in tho 
process for the manufacture of tho dyestuffs containing sulphur, 
and the phenol supplies the second ring nucleus, which, in the pre¬ 
paration of the sulphazines by the analogous process, is obtained 
at the expense of a second molecule of the paradianiine broken up 
by the oxidising agent employed. The preparation ot naphtha¬ 
lene blue (Meldolds hfue) will serve as a type ot the reaction 
which produces compounds ot this class. 

1 Cl ( II:; 


Nil,.IU'1 / " 3 . 

(1) C fi H« ' l-C,«lI r OM - > 0 +1U 

X(< li 3 ) a 

Dlmethylparapheny- /J-Naphthol Nuphthalene blue, 

lenediamine. 

To induct! ilic occurrence-of Uiis reacting an oxidising as>ont 
must bo present, and this is conveniently furnished as nitroso- 
dimothylaniline, which can itself take the place of parapheiivlone- 
diaiuine as a raw material, undersoil!,t; tin 1 change 
, NO 

(!>) + 3HCI + aC„ll:OH 

Nitroaodlmetrylaniline. 3-Naphthol. 


Cl CH 3 

\/ 

C„H, = N(CH S ) 
= 2N ■/ \0 

M; 10 h/ ' 

Naphthalene blue. 


t 


■,+ C„H, 


\N(Cll»), 


Dimethyltfarapheny- 

lenediamine 

hydrochloride. 
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It is obvious from a consideration of those two reactions that 
by the use of a somewhat larger proportion of nitrosodimethyl- 
aniline (acting as an oxidant) a portion of the dimethylpara- 
phenylene-diamine produced in equation (2), can be caused to 
condens^with another portion of .^-naphthol in accordance with 
equation (1); the paraphenyleno-diuniine ultimately left (by 
equation (2)) will be smaller in quantity than that first appear¬ 
ing as a bye-product. By the extension of this principle waste 
can be reduced to a minimum. In practice, the raw* material? 
(nitrosodimethylaniline and jS-naphthoI) are boiled together in 
alcoholic solution and the dyestuff precipitated by the addi¬ 
tion of zinc chloride. The product, is a bronze-violet powder, 
soluble in water to a deep violet solution, which dyes cotton 
mordanted with a tannin mordant, to an indigo blue oolour. 
AJhydroxyl derivative of Meldola’s blue, muscarin, is obtained 
by acting with nitrosodimethylaniline on 2 : 7-dioxynaphtha- 
lene. With tannin as mordant it produces a purer blue on 
cotton than the preceding dye. The corresponding amido- 
derivative of Meldola’s blue is Nile blue, obtained from nitro- 
Bodimethylmetaamidophenol and a-naphthylamine. It dyes 
silk and mordanted cotton with a very pure green colour. 
When the free base of naphthalene blue, made by precipitating 
the dyestuff with an alkali, is hear>‘d, it undergoes condensation 
and molecular re-arrangement. The chloride of the colouring 
matter obtained, cyanamine, possesses the empirical formula 
C 26 H 2G 0(X and has probably the constitution 


N(Ch 3 ),ci -- c 6 h 3 C /c 10 h, 


NTia,N 4 - NfCM.:;iin. 


Another important dye belonging Lothooxa/.ims is gallocyanin 
which is prepared by heating together nitrosodimethylaniline 
and gallic acid in aqueous solution, and precipitating the dye¬ 
stuff by the addition of salt. If an alcoholic or glacial acetio 
solutfon is used, the dyestuff crystallises on cooling. 


;h: (; u 4 


NO 


NlCH s ) s 


•jc, ii. on ,,coon 

Gallic acid. 


♦ Cells* N'(CHa)* 

*= 2N" >0 

, ''C c H(01l) 

• • 


/•Ml* 

„ +C«IK< + 311*0 

° - N(cn»)* 

coot.' 


Gallocyanin. 


Gallocyanin is a greenish paste dissolving in hydrochloric acid 
■with a red colour, and in alkalie: Vitli a reddish-violet, colour. 
The methyl salt, containing Clf 3 in the place of H of the COoll . 



32S 


COLOURING MATTERS, DYEING, AND PRINTING. 


group, is known as prune, and is bronze-colour in the solid state. 
These dyes are used in calico-printing on chromium mordants, 
with which they give violet shades. 

One other class of oxazines called oxazones includes the 
dyestuff resorufln. This is prepared by heating resoriinol with 
five times its weight of strong sulphuric acid, containing nitrous 
acid, at 100“ U. = 212“ If., and precipitating the colouring.matter 
with water. To this process, nitrosoresorcinoi is formed by the 
action of the nitrous acid on one part of the resorcinol, and this 
undergoes condensation with the remaining resorcinol, water 
being abstracted by the sulphuric acid. The following formula 
represents the structure of resorufin :— 

,C«H 3 = 0 

N \ >° 

CcH.,011 


This substance is only coloured in neutral or alkaline solutions, 
which are not suitable as dye-baths. The commercial product is 
the tetrabromo-dcrivative (2 atoms of bromine in each ring), 
prepared by adding bromine to a solution of resornfin in potas¬ 
sium carbonate, and acidifying. It is sent into the market as 
the ammonium salt. 

The chief remaining synthetic organic dyestuffs may be con¬ 
veniently dealt witli individually rather than in groups. 

Auramine.—This compound is a ketoneimide, the chromophore 
being C = NH. It is prepared from tetramethyldiamidobenzo- 
phenone, the formation of which is carried out by acting on 
dimethylanilino with carbonyl chloride 

/C 0 II 4 -N(CH 3 ) 3 

2C„H 5 -N(CH 3 ), + COClj = CO< + 2HC1 

C 6 H,N(CH,) 2 
Tetramethyldiamido- 
benzopbenone. 

This latter body on being heated with a mixture of zinc chloride 
and ammonium chloride at 150“ 0. = 308“ F. condenses in the 
following way:— 

/ C c H 4 N(CH 3 ). 

co< 

\c,H 4 N(CH,), 

Commercial auramine is generally the hydrochloride, a yellow 
substance slightly soluble in cold water. It is one of the few 
basio yellow dyestuffs, find dyes silk and wool directly, and 
cotton mordanted with a tannin mordant. , I 


/C 3 H 4 N(CH 3 ) a * 

+ NH.Cl = HN: C < HC1 + H a O 

X -C„H 4 N(CH 3 ), 


* Recently, auramine has bqen classed with the diphenylmethaue deriva¬ 
tives, and is alleged to have the formula 

/C,H 4 -N(CH 3 ) 3 

H a '.VC<f 

^■(J,H 4 :N(CH,)‘ 

/\ 

CH„ Cl 
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Tartrazines.—These dyestuffs are the products of the reaction 
lietween phenylhydraziue and diketones. The best known, 
termed simply tartrazine, is prepared by acting on sodium di¬ 
hydroxy tartrate with sodium plienylhydrazine parasulphonate, 
in the presence of hydrochloric acid. llihydroxytarlaric acid 
may be regarded as derived from tint diketone 

COOH-CO 

COOIiCO 

in which the two oxygen atoms have been exchanged for four 
hydroxyl groups thus— 

cooir-C(OH), 

, COOH'C(OH) a 

Dihydroxytartarlo sold. 

The reaction between this body and plienylhydrazine may bo 
represented as follows:— 


C00H-U(OH) 2 

i 

COOH'C(OH) a 


+ 2(H a N-NH-C 0 K,SO 1 ONa) 


COOH-C = N-NH-C»II ( SO.ONa 

t 

COOHC = N-NH-C 0 ll ( SO,ONa 


Compounds of this type are termed osazones. 

Dihydroxytartaric acid may be prepared by the action of 
nitrous acid upon so-called nitrotartaric acid, obtained by the 
action of nitric acid upon tartaric acid. 

Plienylhydrazine is produced by reducing diazobenzene chloride, 
thus— 

, C e H 5 Sf: N'Cl + II, = C e H s HN-NH a -HCl 

Dlazobenztoe Phenylhydrazine 

ohlorlde. hydrochloride. 


{The reducing agents used include stannous chloride, zinc and 
hydrochloric acid and sodium sulphite.) Tartrazine, the sodium 
salt of the above dicarboxylic acid, crystallises in yellow plates, 
soluble in water, and giving a fast yellow llye on wool and on 
cotton with a chromium mordant. * 

Isatin yelllw is a hydrazone prepared by heating a mixture of 
phenylhydrazine sulphonic acid and isatin (q.v.) in water. 


sH,</ 


co 


X 


COH 


Isatih. 
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The colouring matter is precipitated by neutralisation with 
sodium carbonate and the mid it ion of salt. It has the formula 

C: = X - Ml-Ctfl^SOaOXa 
C c H| ' COJL 4 

N N 

Tt is a yellow powder soluble in water, dyeing animal fibres a 
greenish-yellow in an acid bath. 

Phenaiithraquinone red is an osazone made from phenanthra- 

iyi4«o* 

quinone | | and «-nnphthylhydrazine sulphonic acid (pre- 

( , ,.II 4 f. , 0 

pared by the reduction of diazotised a-naphthylamine sulphonio 
acid) and has the formula 

C, } H,C = X - Nll(.‘ioH,;SOoONa 

C«H 4 C -- N - NllC l() H,,S<> a OXa 

Tho method of preparation is similar to that given above for 
isatin yellow. The last, three dyes are similar to auramine in 
respect, of their chromophore. 

.Pheuanthraquirmne red is a brownish-red powder, which dis¬ 
solves in water and dyes wool red in an acid bath. 

Aniline Black..—When a solution containing aniline is treated 
with an oxidising agent, the aniline loses hydrogen and becomes 
converted into aniline black, tho structure of which is not under¬ 
stood, though its percentage? composition is identical with that 
of azobenzene, and it may, therefore, be written ((.\.Jl 5 N) n ; the 
probable value of n is 3. It is insoluble in nearly all solvents, 
strong sulphuric acid constituting an exception, so that it can be 
used with difficulty as a dyestulf; its preparation may, however, 
be conducted in situ, a method which is applied in calico-printing 
and cotton dyeing. It is less suitable for wool on account' of the 
attack of the fibre by the necessary oxhfant. For effecting the 
oxidation a variety of agents will serve, but potassium chlorate 
(or more commonly the sodium salt) is preferred, and it is 
advantageous to use a metallic salt capable of acting as an 
oxygen carrier. If chlorate without a carrier l>o used, aniline 
chlorate is produced ; this is fairly stable in solution; so that the 
black is only formed w^lien tho fabric is dried and the aniline 
chlorate broken up. For the carrier many compounds capable of 
readily passing to and fro between two states of oxidation may 

r * 

* Mado by oxidising the portion of crude anthracene (containing phen- 
anthreno) which boils between 31ft" and 340° C. = f>lHF and 640° 1*., with 
chromic acid in tho minner f iilready described for tho manufacture of 
anthraquinone. # # 
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be used—th ose of copper (Cu01 2 , Ou 2 (SCN) a , CuS, CuS( > 4 ), van¬ 
adium (NH 4 V0 3 ), cerium (Ce,(S0 4 ) a ), as well as potassium ferro- 
cyanide(K 4 FeCv 0 ). Copper salts are most generally used,yielding 
the most stable blacks. Since soluble copper salts attack the iron 
and copper of the printing machines, copper sulphide and cuprous 
thiocyanate are preferable. In cotton printing, a mixture of an 
aniline salt (100 parts), (generally hydrochloride,* for which, 
however, may be substituted a double sulphate of potassium ami 
aniline), sodium chlorate (20 parts), copper sulphate (20 parts),r 
ammonium chloride (10 parts) and 400 parts of water, together 
with a thickening agent (starch or dextrin), is applied to the 
fibre, and the goods are aged by exposure to air at a temperature 
of 30° C. = 86° F. For dyeing, potassium bichromate is used 
as an oxidant in sulphuric acid solution, ami the thickening 
is oiftitted, the aniline black being precipitated in the*tibrc and 
not in the hath. The bath is heated, after the goods have been 
introduced, to a temperature of 7f>° 0. li'»7 ' F. The tendency 

of aniline black to “green”— i.e. f to turn green in contact with 
acids, especially sulphurous acid from the products of com¬ 
bustion of illuminating gas—appears to he connected both with 
the extent of oxidation and with the composition of the salt 
used. If the goods have been aged or dyed at. too low a 
temperature, the oxidising action, to a certain extent, stops at 
the formation of the bodies emeraldin and nigraniline, substances 
less oxidised than true aniline black. The highly purified aniline 
oil (aniline for blue, t/.v.) now in the market, yields hluc-hlaekx 
which green easily. The presence of orthotoluidine corrects this 
tendency, but if excess bo present rusty shades are obtained. 
With wool, it lias been proposed to use a somewhat acid bath on 
account of the greater stability of wool fibre in acid solid ion. 

Indulines.—These substances form a class of dyestuffs, the 
constitution of which is still under in\estimation. Tiny are 
allied to the azine dyestuffs, hut their two nitrogen atoms am 
not linlfcd together. They are ijuinoneimide derivatives, hut 
differ from the indamines and other ipiinouuiuiide dyestuffs in 
that they contain a nitrogen ring. The following formula for 
the simplest indulino (benzene induline), which lias not. yet 
been obtained, will show the quinoneiniide structure 

* Excess of Hydrochloric acid appears to load to the tendering of Iho 
fabric by the formation of “oxycclluloao.” Aniline itself may he dissolved 
in aniline hydrochloride to minimise this ditiicblty. Aniline tartrate h 
often used instead of a part of the anilin* hydrochloride. 

+ A much smaller proportion of vamduim salts will servo this purpose 
(rOne*part of vanadium { s said to be enable of oxidising 27n,0u> 
parts of aniline salt to aniline black in presence of the necessary amount 
of chlorate. 

| Recent work has thrown considerable doubt ctl the accuracy of these 
constitutional formulie. * 
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(Here R represents a benzene ring.) The other indulines differ 
from this in respect of the fact that for one of the benzene rings 
(or both) is substituted a naphthalene ring. Thus, the rosin- 
dulines are naphthoquinoneiinide derivatives of the type 



NH 

The isorosindulines are derivatives of quinoneiinide of this form 



Nil 

The members of the fourth class of indulines (the naphthindulines) 
contain two naphthalene rings thus— 



I! * 

NH 


The general method of preparing indulines consists in heating 
amidoa/.o-compounds with aromatic amines in presence of their 
salts. Thus, the original method adopted for preparing the 
dyestuff first known as induline consists in heating a mixture 
of 100 parts of airfidoazobenzene,* 130 parts of aniline hydro¬ 
chloride, and 300 parts of aniline in a cast-iron still, of ample 

• ^ 

* Amidoazohenzcne is prepared by passing nitrous acid into an alcoholic 
solution of aniline, wherehjf diazoamidobcnzcne, C 6 H a N a N HC a H», is formed. 
This is dissolved in aniline in the presence of a little am line hydrochloride, 
and allowed to remain at a temperature of 30° to 40° C. -- 86° to 104° F. 
for a few days. Under these conditions it undergoes intramolecular change, 
becoming converted into amidonzobenzenc, C 8 H 5 N 2 C 8 H 4 NHj. 
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capacity, at 140° to 150° C. = 284° to 302* F. Tho mass is rim 
into water and made alkaline with caustic soda in order that 
induline may be precipitated, and unaltered aniline recovered. 
The induline base obtained in this way is sulphonatod, and the 
sodium salt*prepared. The product is known as induline 3 B. 
By heating with more aniline it takes up more phenyl (C (j li 5 ), 
and is converted into induline 6 B. Besides these indulines, 
several other benzene indulines are produced by varying tho 
proportion of aniline in the melt, and the temperature at which 
the reaction is conducted. The nature of the change generally 
consists in the substitution of phenyl or ainidophonyl for 
hydrogen. 

Azodiphenyl blue is the hydrochloride of benzene induliuo 

(v.tf.). 

Incline B has the formula C, 3 ll 10 N 3 HCl.* Induline 3 It is 
represented by the formula and induline 6B by 

C^H^N.HCl. 

By heating the last named with paraphenylenediamine, a 
new dyestuff, improperly called by the already appropriated 
name toluylene blue (q.v.), is obtained. 

The substance immediately concerned in the production of 
induline 6B is azophenine, which can be isolated from the mass- 
and certainly has the formula 


C c H 5 N 


C.H.N 


C 6 lla 


\NHcyr s 


The indulines as a class are bluish-black dyestuffs insoluble in 
water, mostly soluble in alcohol, although induline 6 11 is but 
little soluble in this menstruum. They are good fast dyes with 
some affinity for cotton, and arc sometimes substituted for 
indigo. Their sulpbonated products are sold as “soluble indu¬ 
lines’ 1 o* account of their solubility in water. Both indulines 
and their sulphonated products are used for colouring varnishes 
and inks. 

Another method for preparing dyestuffs of this class consists 
in heating nitrobenzene with aniline hydrochloride and iron 
filings. The products are called nigrosines. Their constitution 
and even their empirical formula; are not known. They are, 
in comparison with the indulines, somewhat' grey in shade, but 
are otherwise similar. 

Rosindulinsi.—Such dyestuffs of’this class as have been pre¬ 
pared, are for the most part not yet of technical importance. 
The disulphonic acid of rosinduline has’found application. It 
is prepared by heating uenzeneazo a-naphthylamine with aniline 

* The separate eiistence.of this substanc- 'is doubtful as its structure i» 
not easily explicable. 
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and alcohol under pressure to 170° C. = 338° F., and sulphon- 
ating the product. By heating nitrosophenylnaphthylamino 
with aniline, a compound, phenyl rosinduline, containing a 
plienyl group substituted for the M of the NH group in the 
typical rosinduline quoted above, is obtained. At present it 
is usually made by heating ben/.oneazo-a-naphthylamine with 
aniline in the presence of hydrochloric acid. It is used 
especially in the lorm of its disulphonic acid, called azocarmine. 
These dyest-ulls are similar to the indulines, but have a reddish 
shade. 

Complex indulines termed fluorindincs have been prepared by 
limiting a/.ophcnines with a dehydiogenatiug agent. They are 
of the form 


11 



K 


Quinoline Derivatives.—One of these (alizarin blue) has already 
been mentioned. The constitution of the type-substance, quino¬ 
line, may be expressed thus — 

Cl l OH 



/ 


HC N 


the N being substituted for CH of the ordinary naphthalene 
ring. Flavaniline is a dyestutf of tliis class, being para-amido- 
(ihenylmothvlquiriolino , 



/ >-NIV 


1 

and is prepared by heating acetanilide* with a dehydrating 
agent — zinc chloride at a temperature of 2f>0° to 260* 0. = 

* Prepared by hoatirig glacial acetic acid with aniline till the mass 
solidities on cooling. Tms product ia then distilled. 
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482° to 540° F. The product is extracted with hydrochloric 
acid, and the dyestuff is salted out. The reaction ultimately 
consists in the elimination of two molecules of water from two 
molecules of acetanilide, CH :1 CO N T 11(1,11,; umidoucetophenmie, 
NH.,'C 6 H 4 *CH,00 (the isomeridc of acetanilide), is pro u >. 

an intermediate product. jr T , , , 11 : 

Flavaniline is not now much used as a dyestuff. It ei >* ‘"l" ■ 
in colourless needles; the hydrochloride crystallises m yellowish- 

red prisms, and dyes wool and silk yellow. 

The cyanines are basic bodies of the quinoline class, m m 
the condensation of two molecules of ■l»..iolme, one ol 
contains a methyl group or one homologous to it («.</., ethy l oi 
amyl) They are prepared by heating quinoline wit . methyl 
quinoline (lepidine),* or a bomologue, and methyl iodide ol an 
homologous iodide, and an alkali. Ill and 11 are removed and 
blu£dyestuff's formed. . . If 

Iso-amyl cyanine, 0 SO H S9 NJ is .he best k "V*“ 
forms beetle-green crystals, dissolving ... alcohol to a 
solution; being fugitive it is but little used as a dye. 

Quinoline red is a derivative ot iso-quinoline, 


I N 


and is prepared by beating iso-quinoline with quinaldinc, 


\/ 


IcH, 


therefore be used. The constitution of quinoline ltd 18 piobahiy 
expressed by the formula 

eC:,ll-,N 

' Cl - C. C,ll,lCH,l» ■ 

CclU 

It is thus of similar structure t- me triphenyl methane dyestuffs. 
It eives a fluorescent red mlour (on silk,, but is fugitive to light 
.The lepidines are * .aolines wit fho methyl group m the boUM 
nucleus. 
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It finds application in the preparation ot “isochroinatic” photo¬ 
graphic plates. 

Quinoline yellow or quinophthalone 1ms the constitution 


Co», 


. c;= C1IC,H,N 
C = 0 


and is produced by heating phthalic anhydride with quinaldine 
in presence of zinc chloride. Quinoline yellow crystallises in 
yellow needles. It is not basic. It dyes wool and silk yellow, 
and its sulphonic acid gives shades like those produced by picric 
acid f t is tairly fast to light. 

Acridine Dyestutts.*—Ciirysamline may be taken as a type of 
these. It is para-amidophenylainidoacridine, having the formula 


/ \ /\ 


\/ x '/V 


- Nil, 




Nil, 


As has been already mentioned, it is a bye-product in the manu¬ 
facture ot magenta (q*v.). The commercial product is usually a 
mixture of the substance shown above and its methyl derivative. 
The mother liquors from the magenta-melt are precipitated by 
the addition of salt and lime, the latter throwing down various 
bases, among which is chrysauiiine. The following laboratory 
synthesis indicates how chrysauiiine may be formed in the 
rdsaniline 'melt from triamidotriphenylmethane, produced by 
the condensation of one molecule of orthotoluidine with two 
molecules of aniline. Orthonitrobenzoic aldehyde (correspond¬ 
ing in respect of its substitutions with orthotoluidine) is heated 
with aniline and zinc chloride, thus— « 

* Acridine bears a relation to anthracene similar to that borne by quino¬ 
line to naphthalene, as is evident from its structural formula, 
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N lf 2 


The reduction of this compound ,orlhonitropara»]i:iniidotriph«-iivi 
methane) converts the nitro-group into an amnio-group. When the 
resulting triamido-eompound is oxidised it vieids chrysaniline — 

\ 

(2) ^ ^ Nil, 


j i ! 

N/ '' ,/ 

CH - 11, 

i 

, ' / 
i 

I 


/ 

i 

Nil, 

1 

\ 


NU., 

The precipitate is treated.with nitric acid, and the chrysaniline 
nitrate being sparingly soluble is thus separate*!, its ae|)aration 
being aided by the addition of a further quantity of nitric acid. 
The commercial dyestuff (the nitrate, known as phosphine) is a 
yellow powder which dyes silk and wool directly, and cotton 
with a •tannin mordant. It is not very extensively used at 
present. ( 

Acridine orange is tetrainethyldiainidoacridine, 

/ N ■ 

(CH t ) l ]Sr*C,H l < | ,C c Lf 3 *N(ClI 3 ) 3 

\CH 

• 

and isobtainedby heating tetrnmethyltetramidodiphenylmethano 
with an acid, and oxidising the leuco-compound thus produced. 

Acridine yellow is obtained in .'similar way from tetramido- 
ditolylmefhane and has the formula t 

/ N 

H,N -C,H S C.H.-N i/. 


22 




338 


COLOURING MATTERS, DYEING, AND PRINTING. 


Benzoflavine is symmetrical diarnidodimethylphenylacridine, 
and is prepared by condensing benzaldehyde with metatoluylene- 
diamine and heating the resulting tetramidoditolylphenyl- 
m ethane with hydrochloric acid under pressure. The product is 
oxidised by means of ferric chloride to benzoflavin*. Benzo- 
llavine is a yellow powder slightly soluble in cold water, dyeing 
wool and silk directly, and cotton with a tannin mordant. 

Flaveosine is obtained by heating acetyldiethylraetaphenylene- 
diamine with phthalic anhydride and treating the resulting 
phthalein with sulphuric acid, when it loses ammonia and acetic 
acid. It is a fluorescent yellow dye of the probable constitution 


(CII,) a N-/ '• 


N(CH a ) a 




COOH 


(/) Sulphurised Dyestuffs.—Almost any complex organic 
material will yield a brown or black dyestuff (cachou de Laval) 
when heated at about 200° C. = 392° F. with an alkali sulphide 
or an alkali and sulphur. During the last few years the 
production of such sulphurised dyestuffs by heating compounds 
of known constitution with alkali polysulphides has been much 
extended although the chemical nature of the products remains 
to be determined. The dyestuffs, which are generally of acid 
nature, are characterised by the fact that they dye cotton 
without a mordant in an alkali sulphide bath, the dyes obtained 
being very fast, but open to the objection that they contain 
sulphur in a condition in which it can oxidise to sulphuric acid, 
so that tlifej are apt to rot the fibre somewhat quickly. 

The raw materials commonly used are aromatic derivatives, 
particularly such as contain an amido-group (or a nitro-group 
readily reducible by sodium sulphide to an amido-group) in the 
para-position. Thus, “Vidal black” is obtained by heating 
para-amidophenol With sodium sulphide and sulphur at about 
160° 0. = 320° K. “Ifnmedial black” is similarly prepared from 
dinitro-oxydiphenylamine. Although most of these dyestuffs 
are black, blues have also been made. The product put upon 
the market is usually the crude solidified mass broken up, 
which contains sufficient alksili sulphide to dissolve the dyestuff 
in the dye-bath. The solution appears to contain the dyestuff 
as a leuco-compound, for by,passing air through the solution 
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the dyestuff is precipitated. It follows that immersion of the 
fabric in the dye-bath must be followed by exposure to air. 
The shades produced may be modified by subsequent treatment 
ol the fibre with iron or chromium salts. 

The manufacture has lately become somewhat less empirical, 
as it has been found that in many cases boiling with alkali 
polysulpliide solution is preferable to the original fusion process, 
and that by precipitating the dyestuff either with air or acid 
and sending it to market mixed with sodium sulphide a better 
result is obtained in dyeing. 

(2) Natural Organic Dyestuffs.—Indigo.—This is the pro¬ 
duct of various species of hiditjofe.ra , the most important being 
/. linctoria , chiefly cultivated in the East Indies. Several other 
species are grown elsewhere, the chief of which is I. ari/cnte.a, 
the culture of which is practised in Africa (notably in Egypt). 
Anther class of plant, woad, 1satis linctoria , yields indigo in 
small quantity, and is no longer used as a source of the dyestuff. 
It is grown in Europe, however, to prepare the “ woad-vat” for 
indigo dyeing ( y.i .). Indigo does not exist as such in these plants, 
but in the form of a “glucoside," indican, C 26 H 31 NO l7 , a sub¬ 
stance which readily undergoes hydrolysis with the formation oi 
indigotin, the colouring matter of indigo, and indiglucin, which 
has been termed a glucose, although its formula does not corre¬ 
spond with that of the glucoses— 

2C„ ; H 31 NO j7 + 4H 2 0 = C 16 H 10 N,O 2 -f 6C.H, 0 O 6 
lmlican. Indlgntiu. Indlgludn. 

The preparation of crude indigo from tin* plant consists 
in macerating 1 lie plant with water, whereby fermentation is 
set up and hydrolysis of the indican occurs. The indigotin 
produced by the hydrolysis, however, is reduced during the 
fermentation process by the indiglucin to hydrindigotin (indigo 
white), C lt5 H 12 N 2 0.„ which dissolves in the aqueous liquor, alka¬ 
line from the products of fermentation. The liquor is run off 
the in.* rated plants intf) a second vat, and by exposure to air, 
aided by agitation, the hydrindigotin is reoxidised, am 1 indigotin 
precipitated—being insoluble in the alkaline liquid. The yield 
is about 0 2 per cent, of the weight of the plant. The addition 
of ammonia to the vat is frequently practised, with the result 
that the yielt^is largely increased, as the formation of ammonia 
bv the fermentative breaking down of the indigo is thus hindered. 
When the indigo-blue has settled, the bu4k of the liquor is run 
off, and the blge transferred to a cauldron when* it is Iwfiled with 
water to stop fermentation and to extract soluble impurities. 
It is thea filtered, and the residue preyed into cakes and cut 
into cubes. The indig; obtained \ this manner varies greatly 
in quality. Its content of indigotin rang'**- from 20 to 90 per 
cent, the average beifig 40 to 50 per cent. The remainder 
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consists of* ash, 3 to 20 per cent.; water, 2 to 8 per cent.; in- 
dirubin, 2 to 4 per cent., and various amounts of indigo-brown, 
indigo-gluten, and carbohydrates. The value of the blue depends 
on its content of indigotin and indirubin. Indigotin is a dark blue 
crystalline substance with a bronze lustre; its speckle gravity 
is l 33; it sublimes and partially decomposes at 290° 0. = 
554° F. It is remarkable for its insolubility, being unaffected 
by dilute acids and alkalies, and almost completely insoluble in 
ordinary organic solvents. Chloroform, glacial acetic acid, and 
aniline dissolve it sparingly. It dissolves in strong-sulphuric 
acid, and is reprecipitated on dilution; if the solution be heated 
sulphonic acids are formed (ri.). It is soluble in an alkaline 
liquid in the presence of reducing agents, such as glucose, 
ferrous hydroxide, stannous oxide, Ac., with formation of indigo- 
white ( v.i .). By oxidising agents it is converted into isatin, 

0,II.,N<>«r,ll, < / * ^>C«>!I)) 

Special attempts have been made to synthesise indigo and to 
make it as much an artificial colouring matter as is alizarin ), 
und thus to displace the indigo plant, just as madder lias been 
driven out of cultivation. During the hist few years, consider¬ 
able quantities of synthetic indigo have been produced annually, 
and the cultivation of the indigo plant will probably have to be 
abandoned sooner or later. At present the two most important 
methods for the production of synthetic indigo are those duo 
to Heumanu and Bueyer respectively. In Heumnnn’s process, 
which is the one most used at present, naphthalene serves as 
the starting point, being oxidised by sulphuric acid in pres¬ 
ence of mercury to phthalic anhydride (p. 312), which yields 
x (X) . 

phthaliinide, 0^ 11 Nil, with ammonia. On treatment 

Nt) 

with an alkali hypochlorite this is converted into orthe ainido- 
benzoic av^d (anthranilic acid), which fives phenylamido.icetic- 
ortho-carboxylic acid on heating with monochlo race tic acid, 
thus 

/NH, . NIICH./COOH 

0Ai,< + Oil.,Cl ■ COOH - C n ll 4 , -l- UCL 

\C00H . ‘ ' COOII 

On fusing this substance with caustic alkali,* indoxylic acid, 
/OH 

CAl.<" >C — COOH, is obtained, which immediately 
N H 

* Only these last atagta of the proceas w-c duo to Heumann. 
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coir, i n ... 

loses COj with formation of indoxyl, C 6 II 4 < ^ ^ 

tion in alkaline solution converts indoxyl into in.Ugot.", 


CO 


C 


CO 

Ml 


>Wv 


In Baeyer’s method ortho-nil rnben/.ylamlino is hrst oIiUiiimI 
hy the condensation of aniline with -rtho-nitro > 1 1 or 

ide This is then oxidised to orUio-mtrubenzylulu <anil me, 
C H(No! cH = N - C.H., Which gives ortho-nitrobenzade- 
h ’lle C H (NO 1CHO, and aniline on treatment with alkalies. 
&rt&.&«i«hyde is then heated with acetone and 
an alkali, the following reaction taking phice .- 


c,h 4 < 


CHO 

NO, 


(Ciuco = c,d(/ 


(-11(011) - CH a - 00 - OH, 


NO., 


^nylVcHc arid, 0 ,II 4 (NO;,)CH( 01 I)CH 2 COH, being formed, 
Whll'^:""i;i, is due ,0 

‘tandi-er Thiotrban.Hde, prepared from aniline and carbon 

Hydrolysis changes this into the corresponding ain.de, Un.s- 

C.H, - N» - < f| + »'•-" = C °" s * N " ’ C< NC«H» 

1 ' 6 " ^CSNVlj 

The aipide yields the thioamide, C„H, - NH - 

. ..., r H C<HI _ , which yields 

into a-isatinanillde, 0 6 n 4 q _ 

poriant of these is indiruhin, the relation of which with md.got 
may be showli by the formula 

* ch C °>C:r /C °%nh 

° * NH/ V\H 4 / 

It is a red crystalline sdbstance, constantly present in commercial 
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indigo, and accompanying it throughout the dyeing process {q.v.). 

yS CO 

The chromophoric group in these compounds is <T >C. 

As there is no salt-forming group in indigotin, this**substance, 
as has been pointed out at the beginning of the section, owes its 
fastness as a dyo to its insolubility and not to chemical attach¬ 
ment to the fibre. This is evident from the fact that it rubs olf 
to a slight extent, although otherwise an extremely permanent 
colour. All the colouring matters in commercial indigo are 
capable of conversion, by reduction, into colourless derivatives, 
soluble in alkalies. Such derivatives of colouring matters are 
known by the generic prolix “ leuco” (white). They generally 
contain more hydrogen than is present in the colouring matter. 
Thus, indigo-white (leucindigo, reduced indigo, hydrindigrtiu) 
has the formula 


/ C(OHK 

Ceil 4 < ^C- 




NH 


/ C(OH) , 

■C'? >C e H 4 

\ NH / 


The application of indigo as a dye depends upon this formation 
of indigo-white. The principle underlying all processes of indigo 
“vat” dyeing (as distinct from dyeing with indigo-sulphonic 
acids— v.i.), is the reduction of indigo to indigo white and the 
dissolution of the resulting indigo-white, in an alkali; the fibre 
to be dyed is saturated with this solution, and exposed to the 
air, whereby the indigo-white is rapidly oxidised and indigo-bluo 
formed in the interstices of the fibre. In practice, many kinds 
of vat can be used. It will suffice to describe three as types, 
viz. :—The copperas (ferrous sulphate) vat (used for cotton), in 
which ferrous hydroxide is the reducing agent; the woad vat 
(used for wool) in which the reducing action of a ferment is 
employed; and the hydrosulphite vat used for both wool and 
cottou. An average copperas vat will contain 30 lbs. c*f finely- 
ground iijdigo, 80 lbs. of ferrous sulphate, (30 to 100 lbs. of slaked 
lime, and *1,000 gallons of water. The slaked lime reacts with 
the ferrous sulphate, producing ferrous hydroxide and calcium 
sulphate. The former, in presence of excess of lime, reduces the 
indigo to indigo-white, which dissolves in the alkaline bath. 
Several vats are worked in series systematically, the cloth 
passing from the weaker to the stronger vats. The excess of 
liquor is squeezed out when the cloth leaves the last vat, 
ami the indigo-white is oxidised to indigo by exposure to air, 
during passage of the cloth over rollers. This vat is not suitable 
for dyeing wool, on account of the large quantity of lime which 
it contains, wool being more* susceptible of injury by the attack 
of alkali than is cotton. « The woad vat f can be worked with a 
small quantity of lime, and is therefore to be preferred for wool 
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dyeing. The wood is used in the form of balls of dried leaves 
of the woad plant (lsatis tinctoria) which, although containing 
hut little indigo, is said to be valuable in imparting a good shade 
to the dyed material. Us main use, however, is to excite for 
mentation in the indigo vat. For the same purpose bran and 
madder are used. The vat is generally composed of indigo 10 to 
25 lbs., woad li to 5 cwts., bran 20 lbs., madder 5 to 20 lbs., 
slaked lime 24 lbs., water 1,500 gallons. The woad is first added 
to the water, which is heated to G0° C. — 140* F.; after some 
hours the fiuely-divided indigo, madder and bran are added, 
together with half the lime. Fermentation sets in, and when a 
piece of wool dipped into the vat is found to become blue on 
exposure to air, the rest of the lime is gradually added, 
the temperature being maintained at 60° O. 140° F. The 
onanism chiefly concerned in the fermentation is a pathogenic 
bacillus, resembling that characteristic of pneumonia. Recently, 
an improved vat, said to avoid loss of indigo, has been prepared 
by adding a cultivation of the organism Desmobacterium hydro- 
yeni/erum, and substituting flour and glucose (as nutrient 
materials) for the bran, <kc., and soda and magnesia for the 
lime. The general method of dyeing is similar to that described 
above. 

Tht. hydrosulphite vat, applicable both to wool and cotton, is 
prepared as followsZinc sheet is allowed to act on a strong 
solution of sodium bisulphite, producing zinc hydrosulphite 
(ZnS 2 0 4 ). The operation is conducted in a closed vessel, as 
the hydrosulphites are readily oxidised by air. The solution is 
mixed with milk of lime and indigo (20 lbs. of indigo, 25 lbs. 
of slaked lime, and 20 gallons of water), and heated to about 
70* C. = 158° F., whereby indigo is reduced and dissolved. 
The strong solution of reduced indigo is added, as required, 
to a vat containing-60 to 70 lbs. of sodium sulphite, G lbs. </ 
zinc dust, and 6 lbs. of lime (to complete the reduction of the 
indigo). The process of dyeing is essentially the same as has 
been already describe The hydrosulphite has a somewhat 
drastic action on wool, so that the use of this with that 
material requires care. 

The indigo-sulphonic acids are used in dyeing wool and silk 
under the name of “indigo-extract” and “Saxony blue,” but 
cotton cannot be dyed by these substances. These dyestuffs are 
not ingrain colours, as is indigo, but dye*by direct absorption 
into the fibre; cotton fibre, being incapable of exercising this 
attraction, fcannot be dyed whl, them. The shades produced 
are not fast to washing. The indigo-extract is generally made 
in the dye-house by stirring finely-pondered indigo with about 
6 times its weight oi concentrate** sulphuric acid and heating to 
about GO* C. = 140° F. The solution it> diluted with water and 
the dyestuff is salteA out by tfye aSdition of sodium chloride, 
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an acid sodium suit of indigo-sulphonic acid being formed. 
By repeating tlio treatment, the neutral sodium salt is 
obtained. According to the proportion of sulphuric acid 
used, its strength and the temperature of treatment, indigo- 
monoHulphonic acid, C 1 ]fi H 9 N 2 () 2 (S0 2 0FI), or indigo-dijulphonic 
acid, C iC H 8 N.,0 2 (S0 2 0ii) 2 , or a mixture of the two is formed. 
When the disulphouic acid is specially required, fuming sul¬ 
phuric acid is used for dissolving the indigo. The monosulphonic 
acid has a reddish shade and is known as purple indigo-extract, 
while the disulphouic acid is blue ; its sodium salt is called 
indigo-carmine. The monosulphonic acid is solublo in pure 
water, but insoluble in dilute sulphuric acid. The disulphonic 
acid is a blue powder soluble in water and dilute acid. Both 
acids are precipitated by the addition of salt or sodium sulphate. 

With regard to printing with indigo, it was formerly only 
possible to produce a pattern by printing a discharge (v.i.) ujfon 
the dyed fabric. According to modern practice, a system is 
adopted equivalent to the formation of a true indigo vat in the 
fibre itself. TJiis is done by natural ing the fabric with a solution 
of glucose, and printing finely-divided indigo, mixed with strong 
caustic soda. By steaming, the action between the indigo and 
the glucose in the printed pattern is accelerated, and the reduced 
indigo, which results, penetrates the fibre wherever printed. 
On exposure to air, the indigo white is oxidised and the pattern 
becomes dyed blue. 

Logwood is the heart-wood of Ilainalojylon camp<>chianuM y a 
tree growing in Central America. When freshly cut the wood 
is nearly colourless, but it soon reddens externally on exposure 
to air. The colouring matter is an oxidation product of the 
body haematoxylin, C 16 1I 14 0 6 . 

This oxidation product is hsematein, C 16 H r2 O fl , which has a 
bronze green colour in the mass, hut yields a red solution. The 
constitution of hiematoxy lin and hsematein is probably expressed 
by the formula*— 


HOf 


no & cm.. 


CHOH 

HEematoxylin. 




Ilf) O OH, 


jOII HO- 

; ou 




CO 
Heematelnf 


■n/ \ 


OH 

OH 


In order to convert (lie whole of the hsematoxylin of the wood 
into hsomatein, the chipped or yasped wood is exposed in heaps, 
until fermentation set-in (known as the “ageing” of the wood, 
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and supposed by some to consist in the decomposition of a 
glueoside, yielding luematoxylin). A small quantity of ammonia 
is formed during fermentation, and aids the oxidation, ha*ma- 
toxylin being readily changed into haunatein in the presence of 
an alkali.* The wood is either used in chips to make up tin* 
dye-bath, or its aqueous extract is employed. This is prepared 
by systematic extraction with hot water and concentration of 
the solution thus obtained, in a vacuum pan. Although itself 
a red colouring matter, logwood is used for producing other 
colours, notably blues and blacks. Tt is not a dye, hut a dye¬ 
stuff, and as textile fibres have no affinity for it, it must always 
be used with a mordant, the nature of which modifies the 
colour produced. Thus, chromium mordants give blue passing 
to black; iron, grey passing to black; aluminium, dull-violet; 
cooper, greenish-blue; tin, reddish-violet. A mixture of mor¬ 
dants may be used and mixed shades produced. The colours 
are fairly fast, though the blue is not so fast as that produced 
by indigo. Logwood is used for dyeing cotton, wool, and silk, 
especially for producing black dyes. An iso-hsematein has been 
prepared from ordinary inematein and is said to be faster than 
its tsomeride, hut it is not yet of technical importance. 

Brazil Wood.—This wood, together with a number of other 
woods— e.(f. % peach wood, sapan wood, and Lima wood, all be¬ 
longing to the leguminous genus, Cwsalpinia —contains brazilin, 
0 1K H U 0 5 , a colourless substance differing from luematoxylin 
only in having one Oil group less. This substance is present 
in the wood as a glueoside, and for the purpose of hydrolysing 
this, the wood is submitted to a process of fermentation ana¬ 
logous to that adopted for logwood. At the same time the 
brazilin suffers oxidation to brazilein, C, 0 H 12 () 4 , the change 
being hastened by the presence of an alkali, as in *hc case of 
logwood. Brazilein hears the same relation to has mate in that 
brazilin does to haematoxylin. The shades produced l.y brazilein 
are fugitive to light, and are not fast to soap. The colours 
obtained by means of J>razil wood depends on the mordant— 
c.y. 9 chromium mordants yield a violet or claret ^aluminium, 
rose-red; iron, dull violet or purple; copper, drab or brown; 
tin, crimson. 

The above woods have an open texture, and are termed “soft 
or open woo^ls.” They readily yield their colouring matters on 
extraction. Another group of woods of trtie same class— 
santal wood, cam wood, and bar wood*—are known as “close 
woods,” and* are less^easy to extract. They yield colouring 
matters similar to brazilein, and are similar in other respects 
to the wdods already described. • 

Old fustic or Brazilian yelk w. wood is the wood of Morus 
iinctoria, obtained from Brazil and tl<i West Indies. Its 
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colouring matter is morin, 0 15 H 10 O 7 , the constitution of which 
is probably— 

OH 



Fustic is applied like the woods already mentioned, either 
as chips or extract, and gives bright yellow shades with 
tin ami aluminium mordants. It is also used as an adjunct 
to logwood, improving the blacks obtained by means of this 
dyestuff. 

Young fustic or fuBtet wood is the wood of Rhus cotinus , and 
contains the glucoside fustin, which yields the colouring matter 
fisetin, 0 16 H 6 Oo(OH) 4 , and a sugar on hydrolysis. The wood 
is used as chips, or an extract (termed colinin) is obtained from 
it. It is a yellow dyestuff, but is mainly employed together 
with other dyestuffs— e.g., cochineal—for wool dyeing. 

Quercitron bark is the inner layer of bark from Quercus tine- 
toria. The main part of the colouring matter is contained in the 
yellow powder which is obtained, mixed with woody fibre, when 
the bark is ground. The glucoside quercitrin, is the 

source of the yellow colouring matter quercitin, C^H^Oy, an 
isomer of morin which it yields on hydrolysis, together with a 
a pentose, rhamnose, OgH^CH^Oj-H^O. Both quercitrin and 
quercitin are dyestuffs yielding yellow shades with aluminium 
mordants, and orange shades with tin mordants. The product 
obtained by acting on the bark with dilute sulphuric acid, 
commercially known as “flavin,” contains botli quercitrin and 
quercitin. It is sold as a concentrated form of quercitron. It 
is used with cochineal in scarlet dyeing. , 

Weld, the leaves of Reseda luteola, confains luteolin, C 15 H 10 O # 
+ ^HgOj'Svhich gives last yellow colours with aluminium 
mordants and is used for silk dyeing. 

Turmeric is the colouring matter obtained from the rhizomes of 
Curcuma tinctoria. The colouring principle curcumin, 
is capable of dyeing cotton without a mordant; ij; is used for 
modifying red shade*, thereon. It is not fast to light. Besides 
its use as a dyestuff it is employed as an indicator. 

Persian berries are the fruit, of Rhamnus amygddinus. They 
contain the glucoside xanthorhamnin. Hydrolysis converts this 
into rhamnotin and isodtdcitol (rhamnose), thus— 

-4* 5H a O ^ 2Ci a H, 0 O 5 + 4CeHi40e. 

* , Rhamnotin. # 
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When dyed with tin, or tin and aluminium mordants, it gives 
a fine yellow colour. It is used chiefly as an extract. 

Safflower is the flower of Carthamus tinctorius, and contains 
the colouring matter carthamin, the formula for which is doubt¬ 
ful. It is found in commerce as an extract, which is dissolved 
in soda to form the dye-bath, and then acidified with citric 
acid. It produces a pink colour on silk. It is mixed with 
starch to make toilet rouge. 

Catechu or cutch is obtained as an extract from various 
species of acacia. (Gambier is a similar material.) It contains 
catechin (C 21 H 20 O 1( ,:MI 2 O) which is itself colourless, but gives 
a fast brown on cotton when oxidised, after passage through 
the dye-bath, by potassium bichromate. 

Lichen Colouring Matters.—The following are the kinds of 
lichens which art; commercially important from the colouring 
natters which they yield— RocoUn t in r tor in, ft. fucifornna and 
Lacan ora tart area. These are commercially known as orchellaor 
orchil weed. The lichens contain orcinol or orcin, a dihydroxv- 
toluene. This body occurs to a slight extent in the free state, 
but for the most part results from the decomposition of orcellic 
acid polymeric with orcclliiiic acid ; the latter is dihydroxy* 
toluic acid of the formula (\dL011 ;J (0I1).,C()()II. Erythrin, 
C 2 oH. 22 Oio, is another compound which yields orcinol on decom¬ 
position. Archil is prepared preferably from Roccdta liiictoria 
by moistening the shredded weeds with ammonia, and keeping 
the mass at a temperature of about d0° 0. 104“ F. for some 

days. During this process various decompositions occur, one 
of the products of which is orcinol; this becomes orcein by oxi¬ 
dation in presence of the ammonia. The orcein contains nitro¬ 
gen, and has tin; formula C., 8 11 24 N\>() 7 allotted to it by some 
authorities. The commercial product is sold eit her as a liquor 
or paste. 

Cudbear (pnrseo) is similarly prepared, Lecanora tart area being 
preferred as the raw material. It is a dark brown or purple 
powifhr. 

For preparing litmus the lichens art allowed^ #ferment in 
the presence of ammonia until a purple colour is produced. 
Stale urine and potassium carbonate are then added, and 
fermentation is continued until the required blue tint is 
obtained. The concentrated extract is mixed with chalk, 
gypsum or sand, and alum, and cut in£o cubes. Litmus is 
not used as a dyestutF, but for colpuring wine and as an 
indicator iji the laboratory. 

The above three Mycstufis are used largely in Conjunction 
with ofcher colouring matters, notably indigo. Archil *and cud¬ 
bear are dyed on vv J and sil!’ f >m acid baths, yielding bluiah- 
red shades. 
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Berberine, C., 0 H, 7 NO 4 , is a basic yellow dye found in many 
plants, especially in Jierbcria vxtfyuris and Cocculus pal matus. It 
dyes wool and silk directly, and cotton with the use of tannin 
as mordant, but is chiefly employed for dyeing leather. Jtis 
an isoquinoline-derivative, its constitution being expressed by 
the formula— 
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Cochineal. —This is one of the few dyes ot animal origin. The 
commercial material consists of the bodies of females of the insect 
Coccuh cacti, collected from certain kinds of cactus in Mexico 
and the Canary Islands. Three grades are known, “silver 
grain” (the best), “black grain' 1 and the inferior “graniHa.” 
Those are said by some to be insects in different stages of 
maturity, but by others it is staled that their difference largely 
depends on the mode of collection and drying—the black having 
been killed by boiling water, and the silver stove-dried. The 
white film on the silver grain cochineal is due to the wax COCCClin, 
<,\ i0 l1 4;o iC' ;tl J1 0 i(> u i c (coceeryl coecerate), naturally present, and 
amounting to about 1 to - per cent, of the weight of the cochineal. 
This silvery coating is often imitated by facing the cochineal with 
talc and other mineral matter. Cochineal contains about 10 per 
cent, of the red colouring matter “ carminic acid,” which is a 
glucoside and splits up on hydrolysis, yielding the true colouring 
matter carmin, and a sugar, thus — 

c„if| h <), 0 + 3 H 2 o = <:„ii I2 o, <: e ii 12 o c . 

Cwijpnic acid. Carmin. 


The dyeing process consists in immersing the goods (generally 
wool) in a decoction of cochineal containing the appropriate mor¬ 
dant, tin for scarlet, chromium for purple, aluminium for crimson. 
Bluer shades are obtained by the use of ammoniactfl cochineal, 
prepared by moistening ground cochineal with awmonft, 
leaving the mass for some days, adding precipitated alumina 
and heating until the ammefuia is exprlled. Tie product 
of the action of the ammonia appears to have the formula 
C 17 Il J7 ; NH._,)O p . The alumina-lime lake of carminic acid is 
used as a pigment under the* name “carmine”; it must not 
he confounded with cariniu, the product # of the hydrolysis of 
carminic acid. 
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Kermes is the insect Coccus if ids, collected from ihe (}»>' r>un 
Hex , the habitat of which is Spain and North Africa, I is 
colouring matter is closely allied to that of cochineal, and it 
served one time similar purposes as a dyestuff. 

Lac-dye.—This is a colouring matter which is dissolved 
from stick lac (see Shellac) on treatment with water. The 
colouring matter is precipitated from the solution by addition 
of an aluminium salt, and the lake is pressed into cakes. 
When used as n dyestuff it produces a colour similar to, hut 
faster than, cochineal; it is, however, less brilliant The 
colouring principle is laccainic acid, 0 ]( ;H,.,0 S . At present, 
the lac-dyo is scarcely used, its place having been taken 
by aniline colours (azo-reds), sold under the same name. 

(3) Mineral Dyes.—-But few' mineral colouring matters are 
capable of being advantageously used either as dyestuffs or dyes. 
Those which are in use art* ingrain dyes, comparable with indigo 
{q.v.) precipitated in the libre. 

Chrome yellow (lead chromate, Pb0rO 4 ) is applied to cotton, for 
which alone it is used, by passing the fabric iirst through a solu¬ 
tion of lead nitrate or acetate, precipitating the lead as hydroxide 
in the fibre by means of an alkaline bath, or as sulphate by 
means of a bath of sodium sulphate, and converting this into 
lead chromate by passing through a hath of sodium bichromate. 

Chrome orange (basic lead chromate) is prepared in the fibre 
by first impregnating it with chrome yellow' as described above, 
and then immersing it in a bath of boiling lime water. 

Manganese Brown, “ Bistre.”—Fabrics may be dyed with 
manganese peroxide by saturation with manganous chloride 
and precipitation of manganous hydroxide in the fibre, by 
passage through an alkaline hath. Passage through a solution 
of chloride of lime converts the manganous hydroxide into the 
brown hydrated peroxide. 

Another reddish-brown is obtained from manganese and iron 
salts, «which is more resistant to acids than true iron brown 
(iron buff—q.v.). 1 j 

Iron Buff—Nankin Yellow. -This is produced iff two shades, 
by passing the fabric (cotton) through a solution of ferrous 
sulphate and then through one of caustic soda. The ferrous 
hydroxide is either oxidised by exposure to air or by treatment 
with chloride of lime. Ferric salts may also he directly used. 

Khaki.—To produce this colour, the fabric is passed first 
through a solution containing chromium sulphate and ferric 
alum, and Aen through an nikadne bath. 

Prussian blue was formerly of some importance, but has been 
largely displaced by -^nthetic organic dyestuffs. There are two 
methods for producing Prussian Blue in the fibre. The one con¬ 
sists in producing ferry: hydroxide in fihe fibre (v.s .)and converting 
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this into Prussian blue by immersion in an acid solution of 
potassium ferrocyanide. The other consists in saturating the 
fabric with an acid solution of a fcrro- or ferrieyanide, and 
raising the temperature to boiling point, whereby tjje hydro- 
ferrocyanie or hydroferricyanie acid first liberated, is decomposed 
with the formation of a blue pigment. 

B. DYEING AND MORDANTS.—The methods of bring¬ 
ing the material to be dyed into contact with the dyestuff natu¬ 
rally vary according to the nature of the material, and the use 
to which it is to bo put. Thus, if the fabric is to be of one 
uniform colour it suffices to dye it “in the piece”— i.e., after it 
has Ixjun woven. Where a coloured pattern has to be produced 
(other than by printing methods) threads of different colour 
have to be employed in the weaving, and the material is dyed 
as yarn. In some instances stuff that is ready to be spun i» to 
yarn is dyed previously to its being further worked up. The 
details of the apparatus for bringing the material into contact 
with a dyestuff are purely matters of mechanical engineering and 
cannot be considered in detail here. It suffices to say that their 
main object is to bring the dyeing liquor into rapid and perfect 
contact with the stuff to be dyed. The processes most used fall 
into two main groups. In the first the stuff is stationary and 
the dye liquor is caused to filter through it; in the second the 
liquor is stationary and the stuff' is made to travel through it, 
often as an endless band. The various mechanical terms, such 
as “hank-dyeing,” “cop-dyeing,” &c., have reference to the form 
in which the material is made up before being put through the 
dye-bath, such preliminary fabrication being in many cases an 
early stage in the process of manufacture. 

With regard to the constitution of the dye-bath, this 
depends primarily upon that of the fibre to be dyed. Thus, in 
general terms, the marked chemical activity of silk and wool 
permits their being dyed directly (although mordants are 
otten used as auxiliaries), whereas the comparative inertness of 
cotton an'^. similar cellulosic materials l/ceessitates the use of a 
mordant, in Xil but a few cases of dyestuffs which are chiefly of 
quite recent invention. In the foregoing description of dyestuff's, 
the structure and mode of formation have served as a means of 
classification. In the ensuing consideration of the application 
of these dyestuffs, a broad division into (1) acid dyestuffs, (2) 
basic, (3) indifferent* will be found more convenient, for it is 
upon the properties th*us connoted that the selection of an 
appropriate mordant for a givfen dyestuff ^depends. * In general, 
an aoid dyestuff will require a basic mordant, and thus^a classi¬ 
fication complementary to that given above will be valid for 
mordants. Seeing that the application ot dyestuff’s is also in¬ 
fluenced by the nature of.the fibre to bp dyed, the following 
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classification based on a consideration of both the dyestuff and 
the fibre will be found convenient:— 

1. Direct Dyes, applicable to all fibres. 

2. Basie Dves, also applicable to all fibres. 

# 3. Acid Dyes, applicable to wool and silk. 

4. Mordant Dyes, applicable to all fibres. 

5. Special Dyes, requiring special processes. 

The subject of mordants may be dealt with beforo that of the 
processes of dyeing. 

Mordants.—These are a group of bodies which are used in 
dyeing and printing textile fabrics with the second and luurth 
of the groups of dyes named above, for the purpose of fixing the 
colour more firmly on the fabric ; in some cases the mordant 
aids in the development of the colour as well as in its fixat ion. 

(1) Basic Mordants.—The object of these mordants is to 
impregnate the fabric with a basic oxide capable of uniting 
with the dyestuff used which has acid properties, to form a 
chemical compound commonly known as a “colour lake/' The 
constitution of these “colour lakes” will l>e dealt with later. 

The salts used to supply the basic oxide, which h to serve, as 
a mordant, are generally those of aluminium, iron, chromium 
and tin. Of these, the iron mordants have a “saddening” 
effect—i.e., give somewhat dark shades (a property possessed 
also by copper salts). 

Aluminium Mordants.—-The principal salts used are alum and 
aluminium sulphate. Since aluminium sulphate is a moderately 
stable salt, it is necessary to convert it into a salt more easily 
broken up by the influence of the affinity of the fibre. For this 
purpose, an organic acid, generally tartaric acid in the form of 
hi tartrate of potash (cream of tartar), is used. It is generally 
supposed, as a working hypothesis, that aluminium tartrate is 
formed, which is broken up by the action of the fibre and the 
liberated alumina absorbed by the fibre. This is more particularly 
applicable for wool, the^fibre of which has a slight but, definite, 
acid character. In the case of silk, it is necessary to use an 
actual precipitant for the alumina in the form of calcareous 
water. A modification often employed for cotton consists 
in impregnating the material to be dyed with a solution of 
aluminium acetate, and “ageing” it, either by exposure in a 
warm atmosjThere whereby a port ion of the acetic acid is driven 
ofV, or by steaming in a closed vessel. • 

The aluminum acetate may abjp be decomposed by passage 
of the fabric through'a weak alkaline bath— e.g, t of sodium 
phosphate or arsenate. Aluminium thiocyanate is sometimes 
used, being, like t/o*acetate : yable of easy decomposition. 
The cotton fabric may also be first impregnated with tannic 
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acid or “Turkey-mi” oil (g.i-.)aml subsequently with aluminium 
sulphate. Sodium illuminate is another form in which aluminium 
may ho applied to cotton, its alumina being deposited by the 
decomposition of the salt by the carbonic acid of the air. 

Iron Mordants.---These are mainly ferrous sul|Aiate and 
acetate, the corresponding ferric salts and the so-called “nitrate 
of iron -crude ferric sulphate. The general methods are. 
similar to those for aluminium mordants. In addition, when 
ferrous suits are used, ageing and consequent oxidation are 
carried out, the ferric salt produced acting better as a 
mordant than does a ferric salt directly applied to the fibre. 
Passage through weak alkaline baths is practised, especially for 
“ nitrate of iron,” much used in dyeing cotton. 

Chromium Mordants. - The salts of chromium (from the oxide, 
(!r,0,,) are analogous in their behaviour to those of aluminiiyn. 
Chromic sulphate can ho used for mordanting wool, and the more 
easily decomposable acetate and thiocyanate for eotlon. Another 
form of chromium mordant for wool is the fluoride, Crl 1 ’,,, which 
is useful on account- of the ease with which it is decomposed, and 
t he absence of injurious action of the hydrofluoric acid liberated 
liv its decomposition—on the fibre and dyestuff. An alkaline 
solution of chromic hydroxide is also used as a mordant. 
Weak alkaline baths, to follow- those of neutral chromium salts, 
are used iu the case of cotton, the rationale of the proceeding 
being the same as with aluminium. Sodium or potassium bichro¬ 
mate mav also be applied as a mordant. The fibre apparently 
fixes chromic acid from this, the chromic arid being subsequently 
reduced to chromic hydroxide by passage through a bath 
containing an organic acid or a bisulphite, or in the dye-bath 
itself at the expense of the dyestuff, fibre or some other con¬ 
stituent. Chromic acid thus used and reduced by an organic 
acid (■•.!/., oxalic acid) or an organic salt (e.g., tartar, bitartrate 
ol potash) constitutes what is termed a “ non-oxidising mordant” ; 
should no such reducing agent be employed ad hnc., the phrase 
“oxidising mordant” is appropriate; ( whcn chromic acid is 
utilised iiTtk-is manner the dye must be such a one as logwood, 
upon which an oxidising action is required. 

Tin Mordants.- -’fin is used in tile form of both stannous 
and stannic compounds. Stannous chloride (tin crystals) is 
used as a fixing agent for tannin mordants in cotton dyeing, 
and in the dyeing of Turkey reds and wood colours on cotton, 
and in dyeing wool and silk. Stannic chloride is used in silk 
dyeing. Simulate of soda is.largely us<sl in caliof-printing for 
preparing the doth for printing many dyes, sueh ns the eosins. 
The cloth is tirst passed'through a solution of the staifuate, and 
then through a weak hath of,sulphuric abid, whereby a deposit 
of stannic oxide is forpicd on the fabric. 

(2) Acid mordants are employed for ffxing basic dyestuffs on 
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wuch materials as do not lix them directly. Wool fixes basic 
dyestuffs directly (in the ab^-nco of any notable addition of 
acid) and, therefore, needs no external mordant. A <mal! 
quantity of acetic acid may be added, however, to the dyc-Utth, 
if the water be calcareous or the wool alkaline from the washing 
it has undergone. Soap is sometimes used as an aid to dyeing 
wool, its function probably consisting in providing a fatty acid 
capable of union with the basic dyestuff. Silk is also dyed from 
a feebly acid bath, or tho bath may be neutral or alkaline with 
soap, or “boiled-off liquor”—the solution of the seriein of 
silk fibre in soap (sec Textiles, Vol. 11.). The colours on silk are 
sometimes made more brilliant by subsequent passage through a 
feebly acid bath. All these proresscs are in the highest degree 
empirical. For cotton, on the other hand, definite acid mordants 
an^required. The mordant may he tannin, or fatty acids or an 
acid dyestuff. The tannic acid generally requires to he fixed 
on the cotton i:i the form of the salt, of some feeble base (<■.</,, 
antimony or tin oxide), so that a hath of tartar emetic or stannic 
chloride (or pink salt— tj.r.) usually follows that of tannic acid. 
The acid combined with the basic colour is displaced by the 
tannic acid held on the fibre, and the dyestuff thus enters into 
combination with the “tanned” fibre, to form a dye upon it.. 
Various forms of tannin (<y.r.)--gall-tannin and sumach are. 
used in this manner, the purified tannic acid from gall-nuts being 
preferred for delicate colours. The effect of the tannin is refer¬ 
able to the fact that in the presence, of sodium acetate all basic 
colouring matters may he precipitated by tannin solution, a 
reaction which distinguishes them from dyestuffs of acid charac¬ 
ter. The commonest form in which antimony oxide is used is 
tartar emetic, 

. COO(SbO) 

CaH,(0H)2S. 

' COOK 

but mye recent preparations, avoiding the expense of the 
tartaric acid, are the double oxalate of antimony a*<l potas¬ 
sium, ShK.,(C 2 0 4 ) s , the double fluoride SbF s NaF tfnd the salt 
SbF 3 (NH 4 ) ;! Sd 4 . The essentials for an antimony salt for this 
purpose arc that it shall he soluble in water without precipita¬ 
tion of antimony oxide, and yet he readily decomposable to act 
as a mordant. - *. Of other acid mordants it mav be said that fatty 
acids are generally applied by saturating the fibre with a solution 
of soap, drying and steeping in a solution of aluminium sulphate, 
the aluminium salts of fidtty acids ufus formed in the fibre serving 
as a mordant foi theiiasic dyestuff. The application of Turkey- 
red oil has already be'^ described (*\ 30lJ. When acid dyestuffs 
are used as mordants it is generally for the purpose of pro¬ 
ducing a compound sba«je. Alizarin, logwood, and aniline black 
frequently serve as bottoms in this way for basic dyestuffs. 
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The application ot the foregoing principles may be illustrated 
by the following description of various methods of dyeing. 

Cotton Dyeing.—(A) With Direct Dyestuffs.—The dyeing of 
cotton with the direct or substantive dyes, of which Congo 
red (p. ‘/Dh/and other dyestuffs of the benzidine claSs, such as 
benzopurpurin, chrysophenin, diainine red, Titan red, azo-blue 
and toluylene orange, are examples, is a comparatively simple 
mutter. A dye-bath is prepared containing the dyestuff or dye¬ 
stuffs together with a quantity of common salt—10 per cent, to 
20 per cent.—sodium sulphate (Glauber’s salt), soap, soda or a 
mixture of these according to the nature of the dyestuff; the 
cotton is treated in this bath at the boil for about an hour. A 
satisfactory explanation of the cause of the affinity of these 
direct colouring matters for cotton has not been formulated ; the 
precise function of the various salts which are added to ,tlie 
■dye-bath is still unknown ; it is probable that they modify the 
solubility and the state of aggregation of the colouring matter ; 
it is known, however, that a certain minimum quantity is 
required for each dye to obtain the best results, while, on the 
other hand, an excess throws the dye out of the bath and poor 
results are obtained. Of the many direct dyes which are now 
available, some are hist to alkalies and others to acids; the 
yellows arc distinguished by their fastness to light, but the 
majority of the other colours are fugitive. Certain of these 
dyes—«.</., benzoazurin 3 G, benzochrome black, diamine blue— 
are used, not only as substantive dyes, but also with a copper or 
zinc mordant, by first dyeing the cotton in the usual way and then 
treating it in a solution of a zinc or copper salt, which fixes the 
dye on the fibre. Often this treatment is accompanied by some 
change of tone of the colour on the fibre. Some of the direct 
dyestuffs, primuline, diamine blacks, diazo-blacks, Zambesi blues, 
&c., contain amido-groups in their composition which are capable 
of undergoing diazotisation ; the products can be combined with 
other bodies— e.y., phenols and amines—to form new dyes termed 
“ ingrain colours,” which are fast to wishing and other breaching 
agencies. The method of thus “developing” a colour on the 
fabric is capable of many modifications, and its use is growing. 
The process takes place in three stages—1st, the cotton is dyed 
with the dyestuff in the usual manner; 2nd, it is passed into a 
cold bath of sodium nitrite, acidified with hydrochloric acid, for 
the purpose of “diazotising” it; and 3rd, it is introduced into 
n bath of some “developer” to complete the production of the 
ingrain colour. The developers chiefly used am phenol, beta- 
nnd qjphn-naphthol, resorcinol, alpha- and beta-nnphthylamine, 
plienylene diamine, toluylene diamine, and suipho-acids of these 
bodies. The phenols and naphthols are li'sed in aikaiine solution, 
and the amines in acid solutions. A great variety of shades cau 
be obtained. 
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(B) With Basic Colours.— -The basic colours require the cotton 
to be mordanted with tannic acid (see Mordants above); dyeing 
with this class of colouring matters takes place in three stages— 
(1) The cotton is steeped in a solution of tannic acid or material 
containing tannin ; (2) it is passed into a bath of tartar emetic, 
tin crystals or “iron liquor" (crude ferrous acetate), to fix the 
tannic acid on the fibre as a metallic tannate; (3) it is intro¬ 
duced into the dye-bath containing as a rule the dyestuff alone-, 
although a little sodium sulphate is sometimes added ; the dye- 
bath is used warm. As examples of basic colours may be 
mentioned magenta, safranine, rhodamine, aur&tniue, Bismarck 
brown, chrysoidine, benzoflavine, .Mrldola’s blue, brilliant green 
and methyl violet. It may be added that the basic colours are 
sometimes used for “topping” in order to brighten other dyes 
previously applied to the cotton ; such dyes act ns mordants for 
the basic dye. The basic dyes usually give brilliant shades, hut 
in the majority of cases are not fast to light or washing. 

((') With Acid Colours.—These colouring matters, which will 
be more particularly mentioned under wool dyeing, are of small 
importance in cotton dyeing. Alum and lead acetate are used 
as mordants in the few cases in which these dyestuffs are em¬ 
ployed for cotton. 

(J >) With Mordant Dyes. —These dyestuffs — logwood, 
Brazil wood, alizarin, uerub in, fustic—must bo used in con¬ 
junction with a metallic mordant, such as alum, or a chromium 
salt. The method usually followed consists in impregnating 
the cotton with the mordant, an operation, frequently re¬ 
quiring several baths, and subsequently dyeing in a bath of 
the dyestuff. Owing to the fact that it is difficult to mordant 
cotton with metallic salts, especially with chromium salts, the 
mordant dves have not been much used until lately, when the 
introduction of new* chromium mordants which are capable of 
fairly easy application to the fibre, has led to their increased 
adoption. Turkey red, alizarin red (from alizarin with alumina 
mordants), logwood ldaqjcs with iron, copper and chrouyum mor¬ 
dants, are the most noteworthy examples of cotton#dyeing with 
mordant dyes. In general the mordant dyes art; characterised 
by yielding colours which are fast to light, washing, <kc. 

* K) Dyes of Special Application.— 1 There are some colours and 
colouring mooters which are dyed on cotton by special processes. 

Indigo (see p. 342) will serve as an example. Indigo being 
insoluble in water is reduced to its soluble derivative, hydrin- 
digotin (whj^e indigo, p. 330) by various methods which are 
described on p. 342, iiT order to fit it for use as a dye. The 
cotton is* immersed in vats of indigo tfius reduced, and after¬ 
wards exposed to thelir, when li*$ indigo-white absorbs oxygen 
and passes into indigo-blue. # # 

The blue got from Indigo is characterised by great fastness 
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to light. Of Into years indophenol (p. 322) has been used in 
conjunction with indigo for the production of blue shades, pos¬ 
sessing as it does very similar dyeing properties. 

Aniline black is another colour which requires a special pro¬ 
cess tor its production, (p. 330). * 

A modification of the process for preparing a colour in tho 
fibre itself, which has been already described under direct dyes 
for cotton (p. 333), may be referred to here. The cotton is first 
prepared by impregnating it with a solution of beta- or alpha- 
naphthol, with or without the addition of Turkey-red oil; it 
is next passed into a developing bath containing the uia/.o- 
coinpound of an amido-body, prepared by acting with sodium 
nitrite and hydrochloric acid on such substances as parn- 
nitraniline and alpha- and lx»ta- naphthylarnine: the colour 
then rapidly develops. Colours produced in this way are 
fast to wa-hing, acids and alkalies, and are fairly fa.->t lo 
light. The most important are the scarlet »which is a 
powerful competitor of Turkey red) from para-nitraniline, iho 
blue from anisidine [the methyl derivative, of amidophenol, 
C,jH 4 (N il 2 )0(Cll.|)] and the claret from alpha-naphthylamine. 
The principal obstacles to the development of this method of 
dyeing have been tin- dillieulty of preparing the dia/.o compound 
of tht* amido-body without exercising very great care, and its 
unstable character when prepared. Recently, however, stable 
forms of these dia/.o compounds have been discovered and utilised 
— e.g., nitrosamine, azoplmr red I'N. 

Metallic compounds are often developed oil cotton as dyes ; 
examples are. alforded by oxide of iron (bull), oxide of man¬ 
ganese (brown), oxide of chromium (drab) and chromate of lead 
(chrome yellow and orange). Tho colours so produced are fast. 
Tho method commonly followed for producing these dyes is to 
impregnate the cloth with a solution of the metallic salt, and to 
pass it through a bath of such material as will precipitate the 
required compound on the fibre. A fast brown colour can be 
similarly obtained on cotton by successive treatment with cutcli 
and bichrVmiyte of potash. 

Wool Dyoing.—(A) With Direct Dyes.—The dyes of this 
group can be applied to wool, without tho use of a mordant, 
from baths containing salt or (dauber's salt. Sometimes a little 
acetic acid may be added, in which case the degree of exhaustion 
of the dye-bath is usually greater thau when tliifc substance is 
omitted. On account d the comparative activity of the con¬ 
stituents of wool fibre, certain dyes yield deepey and faster 
shades on wool than on cotton. With diVeet blues the tones ot 
the col’our dyed on wod and those on cotton ditier, die wool 
taking a redder tone. Direct dyes are much used for dyeing 
fabrics made of both cotton and wool (“union goods*’). In 
dyeing such goods it'is important to choose those dyes which. 
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have the same, or nearly the same, decree of affinity for the two 
fibres so that they tire dyed nearly the same shade: it there he 
any difference the cotton should he dyed a little more deeply than 
the \vuol. # Sometimes hv varying the proportion of salt or sodium 
sulphate in the hath, small differences in the decree of affinity 
of the dye for the cotton and wool are overcome and a greater 
evenness of shade is obtained. 

The yellow dyes of this group are notable on account of their 
fastness to light. Certain dyestuffs—eu/., Titan yellow, diamine 
fast red F and ehrvsumine—although acting directly, yield faster 
shades by treatment of the fabric after dyeing with chromium 
fluoride which acts as a mordant. 

(B) With Basic Colours.— These are not much used for wool, 
hut deserve comment on account of certain points of chemical 
in4erest which they present. Wool has a great affinity for basic 
dyestuffs, of which magenta is the type, absorbing them from 
plain baths only. Kneeht has shown that, in dyeing wool with 
this class of dyes!nils, there is an actual splitting up of the 
colouring matter, the wool fibre exercising its acid functions, 
liberating the colour base, and combining with it to form a colour 
lake on the fibre, which is thus dyed, while the acid present in 
the dyestuff remains in tin* dye-bath. In this case tin* dyeing 
process is a definite chemical operation. The affinity of the 
wool for the dyestuff is so great that in dyeing a long piece of 
woollen cloth serious diminution of the strength of the hath 
takes place before the whole length has been passed through, and 
the cloth is unevenly dyed. The rapidity of absorption is, 
therefore, moderated by tin* addition of 10 to 10 per cent, of 
sodium sulphate to the dye-bath, basic dyes for wool are 
generally used in a hot hath. 

((■) With Acid Colours.— The acid colours are the most im¬ 
portant group of colouring matters for wool-dyeing. Seeing 
that most acid dyestuffs are sold in the form of their sodium 
salts, is generally necessary to add some* acid to the dye-bath 
in order to liberate the*colouring matter and allow it to act on 
the fibre. This necessity ina$ he turned to accounf for the even 
dyeing of thick woollen fabrics throughout their mass.by first, 
saturating the fabric with the dyestuff alone and then trans¬ 
ferring it to an acid bath. By this means the desired dye is 
formed strictly in situ. 0 

The acid dyes may be divided into four groups—(1) Nitre-colour¬ 
ing matters— e.g., naphthol yellow S, aurantia. These require the 
bath to be adtd with sujpliurio u id to enable good results to be 
obtained £ tle-y are much used, giving bright and fast oolours. 
(2) Sulphonic acid derivatives of the basic colours, such as acid 
magenta, acid green, patent blues ^and thiocarmino. These also 
require the bath to be jieid with sulphuric %cid. Many of them 
are of great value in wool dyeing ,hs mixing well with other dyes 
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and enabling a great variety of compound shades—drabs, olives* 
greens, &c.—to be produced. Indigo extract (q-v.) belongs to 
thip class of dyestuffs. (3) Kosine dyes. These do not require 
a strong acid bath, and acetic acid is, therefore, used vjith them. 
They are too fugitive for general use. (4) The azo-colours. 
These are the most numerous of the acid class of dyes for wool. 
They may be subdivided into two groups—(a) Those dyeing 
without a mordant. They comprise the oldest and best known 
—viz., scarlets, ponceaus, oranges, croceines, bordeaux, fast reds, 
Ac. These are dyed in baths made acid with sulphuric acid. 
Some of the azo-colours are unusually fast to washing and light, 
and being cheap are extensively used in wool dyeing. (/>) Those 
dyeing with a mordant. These are of modern introduction; 
they are capable of forming colour lakes with metallic mordants,, 
which property appears to depend on the dyestuff containing 
certain radicles in the same aromatic nucleus in the ortho-posi¬ 
tion; the groups giving this property are (OH), (COOH) and 
(HSO s ). The introduction of resorcin, which contains two (OH) 
groups, into azo-colours imparts to them mordant dyeing pro¬ 
perties; a similar quality is observed in dyestuffs containing 
the group characteristic of a hydroxycarboxylic acid such as 
hydroxybenzoic or salicylic acid. Dyestuffs called “chrmno- 
trops,” containing a sulphonic acid of dihydroxynaphthalene, have 
been introduced, and have the property of forming colour lakes 
which arc distinct in colour from the original dyestulfs. Thus 
chromotrop 2 II gives a bright scarlet colour on wool, while, 
when chromed, it yields a deep blue. This class of colours can 
be used as acid colours after the method described above, but are 
more generally mordanted. The mordant azo-colouring matters 
are, as a rule, faster than those dyed without a mordant; they can 
be applied to wool in one of three ways—(1) The wool is dyed in 
u bath containing the dyestuff, together with sodium sulphate 
and sulphuric acid, and then put into a second bath containing 
the selected mordant—e.«/., alum, bichromate of potash and 
chromium fluoride. This is the best method of employing these 
colours. (2> The wool may be mordanted first in the usual way 
and then dyed. This method of working is advantageous when 
the dyestulfs are used in conjunction with other colouring 
matters needing a mordant. (3) The dye and the mordant may 
be used in the same bath if a little oxalic acid be added. 

As examples of aSo-dyestutfs which are used with a mordant 
may lie mentioned clfforue brown, chromotrops, chrome red, 
chrome yellow, celestine blue., cloth red. cloth brtwn, diamine 
yellow, alizarin yellows and diamond yellow. 

(D) With Colours Dyfcd with a Mordant.—These are applied 
to wool which has previously been mordhnted with any of the 
usual mordants. CVromjum mordants are generally used as 
giving laster products. In some rare cases the mordant may 
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be used after the dye. Occasionally the mordant and the dye 
are applied in one bath, but this method is wasteful and does 
not yield the best results. Generally speaking, nothing is added 
to the dye-lwiths, but with some of the alizarin euhmiN iIn¬ 
addition ^f a little acetic acid is advantageous. In normal work¬ 
ing the dye-bath is started cold and is gradually brought to tin* 
boil. In respect, of resistance to washing, milling, acids ami 
light, colouring matters dyed on wool with a mordant naturally 
take a high place. Typical examples of this class of dyestutfs 
are alizarin, cyanine, gallollavine, alizarin yellow, anthracene 
brown, gam bine, and cterulem. 

(E) With Dyes needing Special Application.—There are very 
few dyestuffs which are applied to wool by special processes. 
Indigo has been referred to on p. •J1-. The alkali blues (p. .'101)) 
are dyed on wool by treatment, first in a boiling bath containing 
3<nla and then in a hath of sulphuric acid, t'hromogen 1. which 
is a sodium salt of ehromntropic acid, is applied to wool by boil¬ 
ing in a bath containing sodium sulphate and sulphuric arid 
and then treating the wool in a bath of bichromate of potash. 

Silk Dyeing. —In general the methods of dyeing silk re¬ 
semble those adopted for wool, the two fibres having similar 
aflinities for the various dvestutfs. Silk is ratlin* more ditliculi. 
to mordant than wool, and, therefore, dyestulfs needing a mor¬ 
dant are not. so much ».sad as ill wool dyeing. The method of 
applying a chromium mordant after the dye (“after-chroming ' ■,* 
which lias come into considerable use in wool dyeing, has not, 
been much used in silk dyeimr, but. merits consideration. The 
various modes of dveing silk may be dealt with under the 
following heads: — 

(A) With Direct Colours. -Direct colours are much used in 
dyeing silk, for they possess fairly good aliinitv for tin* fibre and 
give deep and fast shades. They are best dyed from baths which 
contain phosphate of soda and sometimes a small proportion of 
soap, and are much used in dyeing half-silk goods that is, 
mixifl fabrics of cotton and silk. Some of these dyestulfs will 
not dye silk from a sftap bath, while they will dye •cotton, so 
that it is possible to dye cotton-silk goods in t*o colours, by 
lirst dyeing the. cotton with a direct dyestuff from a soap bath, 
and then dyeing the silk with an acid or azo-colour which does 
not affect the cotton but is readily taken up by the silk. It. is 
obvious tha& the dye used for the cotton must be, such as will 
resist the acid used in dveing the silk, fthot effects may thus 
be obtained on these fabrics. 

(p») Witlf Basic Colours.- 'I in? basic dyestuffs are very ex* 
tensiveVy used in silk dyeing: They are applied in boiling 
batli containing a llfctlo sodium sulphate, or more commonly in 
a bath of old boiled-off liquor face Textile.*, Yol. If., p. -iJ3). 

* Chromium fluoride is gencrftlly used. 
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This latter method i.s more particularly applicable where tha 
silk is dyed in the “«um"—that is, where the scricin has not 
been removed from tin* silk ; in this ease the <111111 in the boiled* 
off liquor tends to prevent the gum on the silk from being stripped 
while in the dye-bath. f 

((.') With Acid Colours.—Tin* acid colours are largely used in 
silk dyeing. They are applied in the same manner as in wool 
dyeing, or frequently in a bath of old boiled-oil’ liquor or of 
soap, to which hour* acid has been added—so-called ‘‘broken 
baths.” Silk fibre has a strong allinity for dyestuffs of this 
class and it absorbs them readily from the dye-bath, giving as a 
rule good fast shades. The principles underlying the application 
of these colours to silk are identical with those relating to wool, 
and are given on p. 357. 

(D) With Mordant Colours. Few of these are applied to silk 
because few mordants adhere well to the fibre. The proems 
commonly used is that of first, mordanting and then dyeing the 
silk. Probably the uzo colours which are commonly dyed with 
a mordant could he dyed on the fabric iirst and then fixed with 
chromium fluoride, but this does not appear to be practised. 

(E) With Dyes requiring Special Processes.—Indigo is never 
used as a vat dye for silk. The alkali blues are used in exactly 
the same way as for wool. No other dyestuff belonging to this 
division is applied to silk dyeing. 

Juto Dyeing.—The dyeing of jute in some respects resembles 
tho dyeing of cotton, but there are important differences. Direct 
colours can be applied by the same processes as those used for 
cotton, and they give good results. Basic colours can be dyed 
on jute from a plain boiling bath. On account of the chemical 
activity of jute fibre, exceeding that of other vegetable textile 
materials, dyeing can be effected by the direct interaction of 
the dyestuff and the fibre in the manner which obtains with w ool 
and silk, thus affording evidence that the dyeing in this case is 
a definite chemical process. 

The azo-colours can be applied to jute from baths containing 
alum, wlihdi forms a colour lake with tlfe dyestuff and fixes it 
on tho fibre. 1 The mordant colours may be used in the same 
way as for cotton. 

Linen and other vegetable fibres consisting essentially of 
cellulose are dyed in precisely the same way as cotton. Animal 
fibres arc dyed in the same way as wool or silk. * 

The production of* coloured mixed fabrics—«.</., those com¬ 
posed of any mixture of cotton, wool and silk—is effected in 
the simplest case by using the appropriate yarn^ previously 
coloured. For dyeing in the piece, colouring matter? which 
behave as substantive dyestuffs for both quintal and vegetable 
fibres, such as the benzidine and the diazo-dyes generally, are 
freely used when a uniform colour is required. The wool may 
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also bo firstdyed with an acid dyestuff and the fabric mordanicd 
with tannin and tartar emetic, as usual for dyeing the cotton of 
the fabric. Mixed shades mav be produced in a similar manner, 
but with the difference that dyestuffs differing in colour are used 
for the t\uo kinds of fibre to be dyed. Thus the wool *muy he 
dyed with fast ml, and tin* cotton (mordanted with tannin and 
an antimony salt) with methylene blue. 

(<•) PRINTING, -'flu* object of colour printing on textile 
fabrics is to produce a coloured pattern on a white ground, 
or vice ri'rm , without weaving the design. Two methods are 
adopted for this purpose, the older U*ing known as “block 
printing.” and the more modern as “roller printing." 

in block printing the design is engraved on a large wooden 
block, the lines of the design standing up. The colour is spread 
over the block, which is then impressed on the cloth to he printed. 
In*rolIer printing the design is engraved in, or on, a copper 
roller, which is inked hy another roller with the e-doiir to 
be applied. The cloth is made to puss between the engraved 
roller and a large roller known as a “pressure bowl. ’ ami thus 
receives the desired impression. Every colour of the design 
requires a separate roller. 

dust as it is necessary that printing ink should hoof pasty 
consistency in order that it. may cling to the type and not, run 
on the surface of the pap >r, so it, is requisite to apply a thicken¬ 
ing agent to colours to be used in printing textile fabrics. As 
thickening agents are used such bodies as starch, gum and 
dextrin («y.i\). The same dyestuffs and mordants are employed 
in printing as in the dyeing of textile fabrics. Apart from the 
question of choosing suitable dyestuffs and mordants, there are 
various methods of obtaining printed designs on fabrics, which 
are used according to the precise effect or “style” sought to be 
produced by the printer. The character of the fibre has some 
influence upon the methods used. Cotton cloth is the fabric 
on which printing is mostly done ; of late years printing on silk 
and w<*ol has greatly increased, but is still less practised than 
calico-printing. • * 

Five methods or “styles” may he distinguished ; they are— 
(1) Steam style; (2) Pigment style ; (3) Dyeing style ; (1) Dis¬ 
charge style ; (5) Resist style. 

(1) Steam Style.—This style consists essentially in printing 
with a paste dnnipoaed of the dyestuff, iiionjpnt and thickening 
agent, and steaming the fabric bearing the; impression. 

With basic dyestuffs tannic acid is commonly used as a 
mordant, and*the fastness of the colour may also be enhanced 
by passing the fabric, aft.’r steaming, through a bath of Tartar 
emetic or other anti? yy salt- • 

In order to prevent a too rapid 4 actio” between the dyestuff 
and the mordant, acetir acid is usually added to the printing 



362 


COLOURING MATTKR8, DYEING, AND PRINTING. 


paste; this is driven off on steaming and the colour is thus 
fixed. After steaming, the goods may be passed through a soap 
bath to remove the thickening agent. This method is applied 
to almost all colours that the calico-printer may use. 

(2) Pigment Stylo.—In this style of calico-printing pigment 
colours— e.<j.y Prussian blue, Guignet’s green—arc used. They 
are in no sense dyed on the fabric, hut are caused to adhere by 
means of some fixing agent. Blood albumin is the material 
generally employed for this purpose. The colouring matter is 
mixed with a thickening agent and the required quantity of 
albumin; the cloth is then printed, steamed and finished by 
soaping and washing. The steaming coagulates the albumin, 
thus fixing the colour on the fabric. Synthetic dyestuffs avail¬ 
able for use in printing are now so numerous that mineral 
pigments arc less frequently required than formerly, and this 
style of printing, which is especially fitted for the latter ctass 
of colouring matters, is practised to an extent correspondingly 
smaller. 

(3) Dyeing Style.—Tn this style or method of working a 
mordant mixed with a thickening agent is printed on the fabric 
and fixed by steaming, or frequently by passage through baths 
of alkaline salts, such as carbonate, phosphate or arsenate of 
soda. The printed material is then introduced into a hath 
containing the dyestuff which is to he used ; the dye is thus 
fixed only on those parts of the fabric where the mordant has 
been printed. When the colour has been fully developed, the 
cloths are finished by soaping and washing, and sometimes 
by clearing with a hath of chloride of lime to remove any colour 
from the white portions of the fabric. This method is commonly 
practised in printing with alizarin, aluminium sulphocyanide 
and chromium acetate being used as mordants. The process 
is not so much used now as formerly, the steam style giving 
similar results with greater ease of working. Only a limited 
number of colours can he obtained by this method. 

(4) Discharge Stylo.—The principle of this method lonsists 
in dyeing tl;e cotton cloth and then printing it with a substance 
capable of destroying the colour which has been dyed, thus 
giving a white pattern on a coloured ground. When direct 
colours are used, the cloth is first dyed in the usual way, 
and a pattern is produced by printing on a discharge paste 
containing some powerful reducing agent — f.g. t zinc dust, 
bisulphite of soda, stannous chloride or stannous acetate. On 
steaming and washing, the. colour of the printed portion is 
discharged and a white design on a coloured ground is obtained. 
Coloiftcd designs on coloured grounds may be produced if some 
colouring matter on which die discharge has no effect is added 
to the discharge paste used for printing. Colouring matters 
capable of yielding colourless soluble products when reduced 
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— e.y. } the azo-dyestufls which give so-called leuco-com pounds 
under such conditions—can be utilised in this manner. An 
extension of the principle of tin; discharge method is possible 
for dyesti^tis of a different class. Thus, with mordant dyes—«.y. f 
alizarin—it is usual to discharge the mordant and thus prevent 
the fixation of the dyestuff. In this case the method consists in 
impregnating the cloth with the mordant (chromium acetate, for 
example) and then printing with a discharge paste containing 
sodium citrate, which on subsequent steaming, renders the 
mordanting oxide soluble, so that when the piece is passed 
through the washing bath, the mordant is dissolved away 
wherever the discharge has been printed. On subsequently 
dyeing the cloth with the dyestuif, the latter is taken up on 
those parts where no discharge has been printed and a coloured 
pattern is thus produced. 

For indigo-dyed cloths an oxidising discharge is used. A 
discharge paste, made from bichromate of potash or bichromate 
of soda and a thickening agent, is printed on the cloth, which 
is then passed through a hath containing sulphuric acid and 
oxalic acid;* ihe chromic acid thus liberated oxidises the 
indigo and discharges its colour. Coloured designs may be 
produced by adding to the discharge paste* pigment colours 
(such as chrome yellow, vermilion and Cuignot's green), which 
are not affected by the chromic acid or the discharge acids. 
When these pigments are used albumin is commonly added to 
the discharge paste for the purpose of fixing the colours on the. 
cloth. An alkaline solution of a ferricyanide is also used :is an 
oxidising discharge lbr indigo. 

(;>) Resist Stylo.—This may be regarded as the converse of 
the discharge method. It- is carried out by printing on the 
cloth a resist—i.e.,a substance which will prevent the fabric 
from fixing either the mordant, or the dyestuff iri the bath which 
follows. Such resists are either mechanical or chemical in their 
action To tin* first type belong uilv matters- tv/., resins made 
into a paste with pipeclay or similar mineral matter—yin • fabric 
being thus protected in the dye-bath ; the resist* can be sub¬ 
sequently removed by a suitable solvent. Chemical resists 
consist of such compounds as sodium citrate or citric acid, 
which have the property of preventing the precipitation of 
many hydroxides or basic salts from aluminium salts, iron salts, 
Ac., so that these cannot act as mordants* in places where the 
citrate has been applied. Such resists Ho the dyestuff (which 
may be also*regarded jts disci ;., yes of the mordant) have been 
dealt wi^h in section (4) 

Wool Printing'. -Of late years constderable developufent has 
taken place in the printing of woollen fabrics. A*greater variety 
of colouring matters can be used Fuyi mjhe printing of cotton, 

* Acting in this case as au acid* and not as a reducing agent. 
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and the processes are usually somewhai simpler. The woollen 
cloth is prepared by treatment first in a bath of chloride of lime, 
and then in one of hydrochloric acid, the wool acquiring in this 
way a greater affinity for synthetic colours, especially those of 
acid dyeing groups. Steam and discharge styles are chiefly used 
for wool. In the steam style the colouring matter in the form 
of a thickened solution is printed on the cloth, which is then 
steamed, washed and dried. The direct and basic colours do 
not require any addition to the printing paste, while the acid 
colours require the addition of a small quantity of some acid 
— e.y., oxalic, tartaric or sulphuric acid. When mordant colours 
are used in wool printing, aluminium acetate or chromium acetate 
is generally added to the printing paste. The discharge style 
is carried out by dyeing the wool with a suitable colour, and 
then printing on a discharge paste containing a reducing ag«nt 
such as stannous acetate. The rationale of the process lias been 
described under cotton printing. 

Silk printing is carried out similarly to wool printing. 

Water for Dyeing.'—Except for special cases which have 
been already noted, the softer a water the better it can be used 
for dyeing purposes, and even where linm salts are desirable the 
addition of these to a pure water is preferable to the use of a 
water naturally hard and containing other salts. In general, 
all salts of lime and magnesia, even those remaining in solution 
on boiling the water per se — e.y., MgCL, 0a(NO ;t ).,-~ are objection¬ 
able since they tend to precipitate the dyestuff from the bath. 
Traces of iron are liable to have u saddening effect on the 
colours (see above). In the preliminary and subsequent, pro¬ 
cesses of washing, much waste of soap is occasioned by the use of 
a hard water (see Vol. I.); in short, systematic softening is 
always remunerative in dyeing and cognate industries. 
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CHAPTER XIV 

PAPER AND PASTEBOARD. 

Typical paper consists of fibres of approximately pure cellulose 
matted together to form a sheet. Tlio cellulose employed may 
be either that existing as fibres used for making vegetable 
textiles - tv/., cotton and linen—in the form of rags of these 
materials, or that present, together with much cementing sub¬ 
stance, in wood. Paper for many purposes, howewr, is usually 
“loaded” with mineral matter, such as kaolin, to produce, a 
smooth non-porous surface lit for writing upon. The main 
sources of cellulose for paper making art* rags (linen and cotton), 
esparto, llax in the form of spinner's wa^te, lu mp in the form 
of old ropes, wood, straw and jute. Old paper is also reworked. 
Whatever the source of the cellulose, it lms to ho reduced to 
pulp, and where it is cemented together in the raw material the 
cementing substance must be removed before the pulping. A 
bleaching process is also generally necessary. The iiuest papers 
are made from linen rag? ; in the first stage of the manufacture 
the rags undergo a preliminary dusting from adhering rubbish, 
and are then boiled in tin? manner subsequently described f«»r 
esparto, but in a less drastic fashion. A washing from alkali 
and bleaching with chloride of lime follow, and the rags are 
tin ally thoroughly pulped, during which stage tin? “ loading "* 
(if any), colouring matter and size are introdmed. When a 
sizing of resin in the form of aluminium resinute is adopted, it 
is added at this stage, as a mixture of sodium resinute and 
alum,! which react to form sodium sulphate and aluminium 
resinatc. (When an animal >ize (gelatin) is used, tin*, finished 
paper#s passed through a solution of gelatin to which alum has 
been added.) The coloiAing matter employed is generally some 
form of blue, usually ultramarine to correct the /ellow tint of 
the fibre. To make the pulp or magma into a sheet of paper, 
it is allowed to flow Over an endless wire cloth travelling 
over a frame; a film of pulp whose thickness depends on 
the speed ol the cloth is thus remove^ the bulk of the 
water draining away underneath. The sheets formed in this 
manner are pressed between felt, jmsseu through a solution of 

* The usual mineral add ft ions to paper are kaolin (China clay), barium 
sulphate (Mane Jixe), calcium sulphate (yypttum+annaliw, pearl harUtniny), 
ana magnesium silioau ,■>*«// stme. ' « te). « 

f Sodium bisulphate has lately been •used instead of alum as a sizing 
material in some (Jcrnum factories. In tljia co*e stxiium sulphate ana 
free resin acids are formed! 
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gelatin (v.s.) and dried and pressed by being passed between 
heated rollers (calendering). It will be seen from the fore* 
going brief description, that paper-making from rags is mainly 
a mechanical process. The chief manner in which chemistry is 
concerned with paper-making is in the preparation of approxi¬ 
mately pure cellulose from crude cellulose— e.g., wood. 

In making papor from esparto, which contains about 50 per 
cent, of cellulose, the raw material has to be picked to remove 
dirt, and boiled with about 10 per cent, of caustic soda in kiers 
(large boilers) under a pressure of 10 to 50 lbs. of steam. The 
esparto is carried on a false bottom in the kier, the liquor is 
run in and the steam turned on; the steam is admitted below 
the false bottom, where it accumulates, forcing up the liquor 
through a central pipe and causing it to impinge against a dome, 
from which it is reflected on to the esparto. This treatment 
with alkali is more severe than is necessary for rags, as I’he 
esparto oontains resin which has to be removed. The spent 
alkaline liquor is nearly black in colour from the presence of much 
resin soap; the alkali may be recovered from it by the method 
described below. Washing and bleaching finish the chemical 
part of the tieatment. Straw, jute and other like materials 
are similarly treated as far as chemical processes are concerned. 

The preparation of wood involves the removal of more 
strongly adhering cementing matters than those present in 
esparto, so that yet more depends on the proper conduct of the 
chemical treatment, though for the commonest paper, or for use 
as a filling material, “mechanical wood pulp”— i.e., wood which 
lias been ground and its fibres thus separated—can be used. 
Such mechanical wood pulp is of short fibre and felts badly, and, 
moreover, as it contains lignin, becomes yellow or brown on 
•exposure to sunlight. 

Several chemical methods can be used for the treatment of 
wood fibre. Thus the wood is cut into slices inch thick, 
across the grain, knots and other imperfections being removed, 
and is digested with caustic soda solution (20 per cent, of the 
weight of the wood) under pressure at*a temperature of about 
160° 0. = 32V F., during which process the matter other than 
cellulose is dissolved, and a portion of the cellulose itself is 
•destroyed. The residual cellulose, which retains the form of the 
original pieces of wood, is broken down to a pulp, freed from 
the alkaline liquor, jvashed, bleached with chloride of lime and 
sulphuric acid, and msjde into paper. Formerly the whole of 
the alkaline extract was run to waste, but now it is evaporated 
in multiple evaporators, ignite'd, and the «rude sodiflm carbonate 
(containing sodium silicate in cases where siliceous raw cnaterials 
— e.g., straw, h;\ve been used), resulting fsom the decomposition 
of the sodium salts of organic ftcids, re-causticised and used again, 
llecently it has been* proposed to obtain acetic acid from the 
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residue got by charring spent lye from this process, which in the 
case of esparto contains sodium acetate to the extent, of about 
0 per cent, of the weight of the raw material. 

The multiple evaporator mentioned above consists of a series 
of 3 or 4 vessels (Kig. 43) into the first of which, A, the alkaline 
liquor is admitted through the pipe B, and steam at 40 to 50 lbs. 
pressure through the pipe 0. The liquor Hows up the pipes 
//, a, a, around which the steam eireulatcs. The vapour from 
the liquor passes through the pipe I> into the steam chamber of 
the second vessel K, which also receives the waste ln at from the 



Fig. 43.—Multiple, evaporator. 

A, Fir*t evaporating vessel ^B, pip* 1 f«*r liquor ; (', pipe for stcagi: n, a, a , 
steam heated pipes ; 1), pipe for vapour "f liquor : K, ►‘mmd evaporator; 
F, steam connecting pipe ; (J, pipe connecting evaporators. 

steam chamber of the first, vessel through tlio pipe F, which is 
.30 feet nr more in length, so that the steam on its passage is 
condensed t * water and re,-eva])orates under reduced pressure. 
Tlie operation is repeated in the succeeding vessels, a vacuum 
being mainlined at the lifjuot chamber oi the last vessel by 
means of a pump and*surface condenser. With regard to tiio 
circulation of the liuuor itsoif.it flow* from one evaporator to 
the next by means oOa pipe, o, jjlso .lipping 30.fe.ot below the 
level of the vessels. 

A cheaper reagent *than caustic sOda for the chemical treat- 
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mcnt of wood is sodium sulphide, which is used in a similar 
manner. It is generally made in si‘u by starting with a mix¬ 
ture of sodium sulphate and lime, and evaporating the 4 liquor 
after it has extracted a certain quantity ot cementing matter, 
which on ignition reduces some of the sulphate to sulphide, and 
yields a mixture of sodium sulphide and caustic soda. In order 
to decompose the silicate of soda due to the silica in the raw 
material, the solution of the mass is sometimes heated in a 
closed vessel to 103° to 107° 0. - 217° to 225° F., and carbon 
dioxide is led in under a pressure of 21 lbs. per sq. inch. 
Under these conditions the silica separates in a form in which 
it can easily be filtered olf, leaving the sodium sulphide un¬ 
ci ecomposed. The sodium carbonate and bicarbonate formed 
are then canstieised by the addition of lime. The yield oi 
wood pulp by the caustic soda process is about 30 to 33 f>er 
cent, of the wood used, one-third or more of the total cellulose 
originally present being destroyed. 

Inasmuch as the action of caustic soda is hydrolytic, it is 
possible to substitute dilute acids for the alkali. A more recent 
method of preparing wood pulp is that known as the sulphite 
process. The comminuted wood is digested with a solution of 
calcium or magnesium bisulphite (3 to 5 per cent, of SO.>) at 
about 100° C. ----- 320° F. in lead-lined digesters. Before the 
digesters are closed, the air is expelled by s:eam. The bisul¬ 
phite is produced by passing pyrites kiln gases up a tower filled 
with limestone, dolomite, or magnesite, down which a stream of 
water flows. The constitution of wood lends itself to the for¬ 
mation of certain organic sulphur acids (sulpholignic acids), 
which fact doubtless facilitates the separation of the cementing 
material, and probably also aids the hydrolytic action which is 
necessary. The spent sulphite liquor is bright yellow, and 
consists essentially of the magnesium salt of sulpholignic acid; 
it also contains small quantities of resin, tannin, and various 
sugars. No successful utilisation of sulphite liquor has yet 
been achieved. The yield of wood pulp is greater than by the 
caustic soda process, amounting to 40 to 50 per cent, of the dry 
wood, the destructive action on the cellulose being less severe. 
Sulphite pulp is fairly light in colour,.but is usually bleached, 
a good deal of chloride of lime being necessary in order to 
oxidise the reducing substances present. 
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CTT APTFJi XV. 

PIGMENTS AND PAINTS. 

T!tE necessity for a protective ooat.inon structures intended 
to lg! permanent has given rise to the custom of applying some 
form of paint, which is simply a thin layer of oily or resinous 
matter, containing finely-divided solid material in suspension. 

Tim nature of the solid substance is determined liy se\eral 
considerations—c.y., its power of absorbing and reflecting light, 
resisting corrosive inlluenees, and gratifying die iestlutie 
instinct. Such solid substances are termed pigmonts, in 
contradistinction to their admixtures with a vehicle 
linseed od---which are allied paints. The colour of a pignnut 
depends on the wave length-* of the light which it- ndh'cts; few 
pigments reljeet light of only otu* wave length, or even of 
approximately equal wave lengths, whence if, follows that the 
colours of most pigments are impure, and are found, on spectral 
analysis, to contain more than one colour of the spectrum. 
Mixtures of pigments, therefore, do not ailed, the eye. in the 
same way as do .similar mixtures of the^olours of tin* spectrum 
-—c.</., a mixture of .a blue and a. yellovtf pigment is commonly 
green, but one of blue and yellow light, is white. This arises 
from the fact that in a mixture of pigments the light suffers an 
absorption by each pigment successively, and it is only that 
portion*of the light whigh is not absorbed bv any of ijie pig¬ 
ment- which reaches the eye and communicates to it^i particular 
sensation of colour. In the case of blue and yellow pigments, 
the light retlected by eacji always contains green, winch is not 
absorbed to any great extent by either, and thus the net result 
is that the mixture appears green. The body of a pignu nt is 
its covering power, or property of hiding afturfnm to which it 
is applied. This quality chiefly depends #>n (l) the fineness of 
the particles <|f the pigment, and on ( 3 ) the opacity of these 
particles— i.r., their tendency to reflect- or absorb, and fail to 
transmit, the great" 1 portion o r fie liglft. “ Body” is usually 
judged by a qpmparativ* trial with,a pigment of #tnown excel¬ 
lence in covering power, when the pigment i^ made into a paint. 
Thus white lead serves aS a standard for white pigments. 
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(A) MINERAL PIGMENTS. 

1. WHITE PIGMENTS.—Whito Lead.—This substance 
is the beat white pigment known, in respect of itfj covering 
power and colour. It is, however, readily darkened by exposure 
to air containing sulphuretted hydrogen, and is somewhat costly. 
It also possesses the disadvantage that its manufacture is 
attended by a certain amount of risk of lead poisoning to the 
operatives. Chemically, white lead is basic carbonate of lead, 
approximating in composition to the formula 21 > bC0 3 .Pb(0JI )? 
Many lead pigments, consisting of neutral carbonate, or even of 
lead sulphate or oxychloride, art* fraudulently termed white 
lead. The older methods, and those which are. still claimed to 
produce whito lead of the finest quality, depend upon the ease 
with which lead, in the presence of acetic acid and air, becomes 
converted into lead acetate, and subsequently basic lead acetate, 
and upon the, facility with which this substance can be converted 
into white lead by the action of carbon dioxide. The best pro¬ 
duct is obtained when this cycle of changes is conducted without 
any of the reactions taking place in solution in large volumes of 
water— i.e., when the process used is not one of those known as 

precipitation methods.” 

The Dutch or Stack Process.—This old and empirical process 
yields the best white lead. In this method sheets of pure lead* 
2 feet x 4J inches x inch are 
rolled into a coil (sett Fig. 44), 
which is placed in an earthen¬ 
ware pot provided with a shelf 
(see Fig. 45), upon which the 
lead rests, and containing weak 


Fig. 44. Coil. Fig. 45.—Pot, with Sholf. 

vinegar. Many such pots are built up into “ stacks,” and are 
surrounded by horse.c*ung, the whole being covered up with 
the same material. A single stack will contain as many as 
12,0(10 pots. 

* Tho purity of the load is important, as the presence of traces of 
copper and antimony is found to cause the production of whito lead of 
inferior colour. 
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In the English process the h-ad is used in the form of grids or 
gratings, and the dung is replaced by spent tan. The former is 
rather liable to cause the discolouration of the white lead bv the 
evolution # of sulphuretted hydrogen. The dung or tan speedily 
ferments, the temperature of the heap consequently rising to 
(>0° C. — 140’ F., and evolves CO,,. Under these conditions 
the acetic acid of the vinegar is volatilised, and in conjunction 
with moisture and oxygen of the air, corrodes the lead, with tint 
ultimate formation of basic lead acetate, which is then decom¬ 
posed by carbon dioxide, produced by the fermentation of the 
dung. The tirst of these changes may he represented by the 
equation— 

(1) Pb 3 + 0 3 + 2CiI 3 C(U! + H,0 - (CH 3 C.'O a ).,lM>.2Ph(l)H) 8 

l’.aslo lead acetate. 

Tli# second change may be represented thus— 

121 :q(CH 3 CO,) a l»b.2I > b(OJl) s ] C 400* ~ 3(UII;,CO.,) 2 I’1> 

l/t*a<l steel all*. 

+ 2[21 > bC0 3 .Ph(0Il) 2 ] + 41I 3 (). 

White lead. 

The lead acetate thus liberated is reconverted into basic lend 
acetate in contact with metallic lead, oxygen and w si ter, the. 
product, serving again for the. production of white lead. Thus 
the same portion of acetic acid sullices for the corrosion of an 
indefinite quantity of lead. After a period varying from eight, 
weeks to three months, the heap is dismantled, and the coils are 
found to he incrusted with “corrosions” of white lead. The 
white lead is knocked off and taken to the mill, where it is 
ground and washed to remove lead acetate, dried, and put. on 
tin* market. The residual uriattaeked lead, amounting to from 
30 to 50 per cent, of the weight of the load originally taken, is 
known as “blue lead,” and is remelled and used again. 

The German or Chamber Method.— This differs in principle 
from the stack method in that the carbon dioxide is supplied 
from aft external source--*-viz., a coke fire (which serve:? also to 
keep the temperature of the corroding chamber at about, 35° 0. 

^ 95° F.)—instead of being produced by fermentation on the 
spot. The acetic acid also introduced from without, weak 
vinegar being distilled from retorts outside the chamber. This 
is built of brick, and contains shelves upon which the sheets or 
gratings of lead are disposed. The supply # of carbon dioxide, 
acetic acid and water vapour has to Carefully managed, lest 
the product bit granular inst- <*d of »soft and amorphous, or con¬ 
tain too muon lead oxicle, which imparts to it a yellow tint. 
The process may take from eiHht to ter! weeks for completion, 
though this # time ma f be considerably shortened in modern 
practice. It has been proposed to hasten,the corrosion of the 
lead by covering the slfelves in tlje chamber with a metal, such 
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as tin, electronegative to lead, the galvanic couple thus set up 
promoting the read ion. 

Precipitation Processes.—The principle underlying the majority 
of these is the formation of basic lead carbonate (whife lead) by- 
treatment of basic lead acetate with carbon dioxide, the reaction 
being similar to the l'mal change taking place in the dry process 
described above (equation 2). 

In the French or Clichy process litharge is heated in a solution 
of neutral lead acetate, and the solution of the resulting basic 
lead acetate is separated by decantation front undissolved lead, 
copper and other impurities which occur in litharge, and treated 
with carbon dioxide from a lime kiln, in a vessel provided with 
numerous delivery pipes to distribute the stream of gas. The 
carbon dioxide is freed from sulphur dioxide and similar im¬ 
purities by being washed with water previous to its entering 
the precipitating vessel. 

Tin* neutral lead acetate produced by the precipitation of white 
lead from basic lead acetate i p. 371) is pumped back into the first 
vessel of the series and used for dissolving a further quantity of 
litharge, thus going IhrmiL'h the cycle of changes repeatedly. 

A method which avoids tin* use of lead acetate is Milner’s 
process. This consists in producing a basic chloride of lead by 
treating litharge with a solution of common salt, the mixture 
being continually agitated for several hours. The proportions 
used are 1 of litharge, 4 of salt, and 16 of water. The reaction 
induced speedily causes these to set to a pasty mass, consisting 
of basic lead chloride and caustic soda. The change occurring 
may be thus represented— 

4PbO + 2NaCl + 5H..0 = PbCl,.3Pb0.4H,0 + 2NaOH. 

This mass is transferred to a lead lined iron cylinder, into which 
carbon dioxide is forced under pressure, the contents of the 
cylinder being kept stirred by agitators. The carbon dioxide is 
prepared and purified as described under the Olichy process. 
The reaction occurs on the following lines:— 

3fPbClo.3PbO.4HoO] + fvNaOH + 8C0 2 = 4[2PbCO s .Pb(OH) a ] 

+ GNaCl + llHvO. 

Chemically considered, the reaction is analog6us <jo that in which 
acetic acid is used as a corroding agent, the function of the salt 
being to induce the uhipn of lead with oxygen, water and carbon 
dioxide, a reaction which only takes phice directly^t a slow rate, 
because of the insolubility of lead oxide. Other salts than those 
mentioned above have been proposed as intermediaries in the 
formation of ftasic carbonate of lead fronTmetallic lead or litharge 
— e.g. y the basic nitrate,, and a solution of litharge in caustic 
soda. In another series of processes the precipitation of basic 
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carbonate ot lead is effected by tin* use of sodium carbonate 
instead of carbon dioxide. In the Bisehof process litharge is 
first heated at a temperature of 2f>0* to 300* C. 482° to (362° 1<\ 
in a current of a reducing gas, whereby a suboxide of lead, 
Bb.X), is said to be obtained. This is next converted into 
hydroxide by mixing it with water; 000 parts of the hydroxide 
are then mixed with 2,.">00 of water, 14 of acetic acid, and 4*0 of 
sugar; on passing a current of carbon dioxide through tho 
whole, white lead is formed. 

Various electrolytic processes have been devised for the 
manufacture of white lead. They consist in sending a current, 
between lead electrodes through a solution containing dissolved 
salts— eg., ammonium nitrate and sodium carbonate—which is 
k- pt saturated with carbon dioxide. The lead hydroxide is 
tints converted into white lead as fast as it is formed. These 
methods have scarcely passed the experimental stage. Tho 
many processes for the manufacture of white lead which have 
been devised may be attributed to (1) the slowness of the old 
corrosion methods and (2) the occurrence of cases of lead poison¬ 
ing among operatives employed in the manufacture of white 
lead by these processes. The first objection to the corrosive 
methods appears to lie insuperable ; it must, however, be noted 
that no product of more rapid methods is equal in covering 
power to white lead made by the old slow stack process. The 
second can be met by proper use of respirators and soap. 

White lead of good quality approximates in composition to 
the basic carbonate already mentioned, and therefore contains 
8(>*3 per cent, of PbO, 11 *4 per cent. CO,,, and 2’fi per cent, of 
11,0. It is put on the market, both dry and “ ground ”— i.e., 
ground in linseed oil to a still* paste —for convenience in mix¬ 
ing to a thin paint with boiled linseed oil and oil of turpentine. 
The quantity of linseed oil present is about 0 to 8 per cent. 
It was formerly supposed that a portion of the oil was saponified 
by the # lead hydroxide of the white lead, and thus caused a more, 
permanent association oft the pigment with its vehicle, but this 
view is now discredited. On account of its comparatively high 
price (<£20 per ton), white lead is largely adulterated with barium 
sulphate (barytes), lead sulphate and calcium carbonate. 

Other White Pigments Containing Load.— In most cases 
these are lea<4 sulphate, alone, or mixed with such diluents as 
barium sulphate. These are made either by precipitatiug a salt 
ot lead— e.g., the acetate— with sulphpfic acid, or by taking 
advantage of#the ease with which galena (PbS) is converted 
into lead # sulphate (l*bS0 4 ) when roasted in air at a moderate 
temperature. TV: action fhV occurs is*probably the formation 
of lead oxide# which is moderately volatile, and stflphur dioxide, 
the two substances being carried oif together as lead fume, and 
uniting in the presence*of oxygen«bo form lead sulphate. Crude 
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lead fume contains lead oxide and metallic lead, as well as lead 
sulphate, and has to be further roasted to lead sulphate, any 
residual grey tint duo to impurities being removed by treatment 
with sulphuric acid. According to Hurst the finished pigment, 
so-called “sublimed white lead,” contains— 


For on it. 


Lead sulphate, 

. 8-2-o 

Lead oxide, .... 

O'.l 

Zinc oxide, .... 


Lead carbonate, 

9*4 

Water,. 

100-0 


The presence .of zinc oxide is due to the existence oi zinc in 
many lead ores (the volatility of zinc causing it to eoncenipiic 
in the fume), and adds to the value of the pigment. 

A chlorosulpliite of lead is made by oxidising lead sulphide 
(galena) or a mixture of lead fume with pyrites, with air only 
Kullicient. to convert it into sulphite, and treating this in the 
chain her, into which it is blown, with hydrochloric acid ga** 
generated by spraying brine into the flame, of the furnace. This 
is known as “ Caledonian White Lead,” but, for the reasons stated 
above, it is not true while lead, to which it is inferior in cover¬ 
ing power. 

Zinc Whito.—Ordinary zinc white consists of zinc oxide. 11 
is generally prepared by distilling zinc into large chambers, 
where the vapour comes in contact with air and burns, the 
resulting zinc oxide being deposited on the sides of the 
chambers, from which it is afterwards collected. It- may also 
he prepared directly by heating the roasted ore with coke or 
anthracite, and burning the vapours of zinc thus obtained. This 
method is le>s common than the previous process, as cadmium is 
even more volatile than zinc*, and its oxide, being brown, dis¬ 
colours the. product, while* in the preparation of metallic zinc 
(see Vfll. I.) cadmium is eliminated.* Another plan (’onsists 
in extracting crude zinc oxide with ammonium carbonate, the 
impurities— e.t /., lead and cadmium oxides—being left undis¬ 
solved, and distilling off the* ammonium carbonate ; the residual 
zinc carbonate is then ignited to oxide. 

Zinc white has poor covering power, but hus the advantage of 
not being blackout*! by sulphuretted hydrogen unless the pig¬ 
ment contain lead, as ifc almost invariably does in its commercial 
form It is liable to adulteration with barium sulphate, kaolin 
and whiting. r 

In Arder to obtain a pigment as permanent as zinc Miite, but 

v • 

'Some .samples of zinc white'are tinged yellow by tin?" present e of a 
minute quantity of cadmium, sulphide; their colour can he improved by 
roosting tl»e sulphide to oxido, whjph is a less powerful pigment. 
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possessed ot creator lx>dy, oilier zinc compounds, notably the 
sulphide, have been used. “Orr’s zinc white" lit/iopon ?") in 
a mixture of barium suipi.aie and zinc sulphide, prepared by 
precipitating a solution of zinc sulphate with barium sulphide. 
Unlike ordinary zinc white, it is free from lead. 

Barytes {barium sulphate ).—This substance is chiefly used as 
an adulterant for other pigments. It is either prepared by 
grinding and levigating the mineral barytes (crude barium 
sulphate)—the dark colour due to iron and other impurities 
being removed by treatment with sulphuric acid, and the tint 
of the washed product improved by the addition of a little ultra- 
marine—or is made by precipitating the solution of a barium salt 
with one of a sulphate. Precipitated barium sulphate is a bye- 
product in many industries. It has a greater covering power 
thftn has the native material, which is more coarsely crystalline 
in structure. 

Whiting.—Whiting is simply levigated chalk, and is used as 
an adulterant and diluent for other pigments, and tor preparing 
whitewash, which is whiting suspended in water by the aid of a 
little size. 

2. BLUE PIGMENTS. -Ultramarine.— In former times 
a costly blue pigment was obtained by grinding a comparatively 
rare mineral, lapis lazuli, consisting chiefly of silica, alumina, 
soda and sulphur, to an impalpable powder. The. same pigment 
is now cheaply prepared by heating together china clay, sodium 
sulphate or sodium carbonate, carbon and sulphur, the use of 
these materials having been first, suggested by analyses of the. 
mineral. The carbon is necessary to reduce the. sodium sulphate 
to sulphide. The china clay must he approximately pure kaolin, 
Al 2 0 3 .2Si0, 2 .2H 2 0. The soda used, now generally .sodium car¬ 
bonate, must also be, as nearly pure as possible. The proportions 
in which the materials are mixed vary according to whether it 
is desired to make “soda-ultramarine” poor in silica, or soda- 
ultramarine rich in silica. A third variety, “sulphate-ultra* 
marifte,” is still prepared from sodium sulphate. Soda-ultra¬ 
marine poor in silica is made, for the sake of its darker and 
richer hue, from a mixture of the following composition :— 

Kaolin, 100 parts. 

NjuCO.i,. 100 „ 



That rich in silica is prepared from a jnlxture containing 

90 parts. 

!0 „ 

100 „ 

12 / „ 

00 „ 


kaolin, . 
Free silica, 

■*„. v 

#c, . . 

s. . . 
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In the manufacture, as carried out at some works, it is 
advantageous to prepare first a green ultramarine, which can 
either be marketed as such or converted into blue ultramarine 
by re-heating with sulphur. Where blue ultramarine is alone 
required it can be made by one heating, the process being, 
therefore, called the “direct” process. For the production of 
green ultramarine the mixture is packed into small crucibles 
about 6 inches in height and 4 inches in diameter. These 
are covered and placed in a furnace consisting of a chamber 
over a fire grate. Oare is taken to exclude air, and the 
temperature is raised to redness. This takes from 8 to 12 
hours, after the elapse of which time the furnace is allowed 
to cool as slowly as possible, and the contents of the crucibles 
washed and ground, then constituting green ultramarine. In 
view of the fact that the colour depends on the presence,, of 
sulphur, great precautions must be taken to avoid oxidation 
during this heating. To convert this into blue ultramarine it is 
heated with sulphur, with access of air, at a low temperature, in 
order to convert a portion of the sodium of the green ultramarine 
into sodium sulphate, the difference in colour arising from the 
alteration of the quantity of sodium present- as an essential part 
of the pigment, green ultramarine containing nearly twice as 
much as blue. This second heating is generally conducted in a 
muffle, on the floor of which the green ultramarine is spread. 
The final process of finishing the ultramarine is the same as that 
which is used for ultramarine made by the direct process ( v.i .). 
For the direct production of blue ultramarine, the mixture given 
above is packed into mu files, which are closed and heated in sets 
in a muffle furnace for several weeks at a moderate red heat, the 
end of the process being judged by the withdrawal of a sample 
from time to time. The access of air to the mass is small in 
this method of heating, but, nevertheless, is sufficient to destroy 
the blue colour of the outer layers. The intermediate layers 
are a good blue, while the centre of the mass has a green tint 
from defect of air. For more rapid tf working crucible^ are 
preferred, the process being then conducted very much as was 
described for green ultramarine. The crude blue ultramarine 
is a fritted blue mass, and contains soluble sodium salts (chiefly 
sodium sulphate) which must be removed by grinding under 
water and thorough washing. The ultramarine is graded by 
levigation, the most finely divided being reckoned T>est. Ultra- 
marine is a pigment vejjy stable under ordinary influences, but 
is easily bleached by acids, .which decompose it ^completely, 
evolving sulphuretted hydrogen and depositing sulphur. This 
property gave rise to the supposition that the compound con¬ 
tained some sulphide or polysulphide of socKum. k 

The cause of the colour of ultramarine has been much debated. 
Recently, Knapp has j5ut forward the view that it is due to the 
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presence of a peculiar mollification of sulphur, very similar to 
the “black” sulphur obtained bv heating a mixture of sulphur 
and oil. Under many conditions this allotropic modification of 
sulphur Jiecomes blue, particularly when spread over a large 
surface. Such a surface would be supplied by the silicates in 
ultramarine, and, when these are attacked by an acid, the blue 
sulphur would become ordinary yellow sulphur. Bodies of com¬ 
position corresponding with that of ultramarine, but containing 
other bases in place of soda, have been prepared— c.g potassium 
and silver ultramarine—which are blue and yellow respectively. 
Different samples of ultramarine vary in composition according 
to the mode of manufacture, which is regulated by their intended 
use. The difference between blue and green ultramarine is 
shown by the following figures :— 

‘ r ~ «... ..1 


SiO.., . 
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Alj< . 

-Ml 
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s, ... 
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Besides its use ns a pigment, in the ordinary sensenf the term, 
ultramarine is trequentiv employed for correcting any slight 
yellow tint in goods which should he white — barium 
sulphate, sugar, starch and paper; it is also used in making 
factitious mottled soaps (see Vol. II., p. 265), and in calico- 
printing. 

Prussian Blu©.—This pigment is essentially composed of 
iron, carbon and nitrogen, and in its la st term is the ferric salt 
of hydroferrocyunic acid, i I, h'c(CN),,, so that its formula may lie 
written Fe,[Fe(CN)„| 3 , although the commercial product varies 
considerably from this Composition, and frequently ‘contains 
potassium in tile form of a double cyanide ot thfit, metal and 
iron. Potassium ferroeyanide (yellow prussiate of potash), 
K 4 FeCy 8 , is the raw iiiafferial for the ferrocyanogen group. It 
is no longer inarlg by the, nianutaeturer of Prussian blue, the 
trade of making cyanides being now distinct ^see Minor Chemical 
Manufactures, Vol. II., Chap. XV111.). 

Prussian blues of somewHP differeryt shades are made from 
potassium leAicvanide {red prussiate of potash), K 3 FeOy # . 

The bast and" purest variety of Prussian blue is knowp com¬ 
mercially as Chinese Ijlue, mil is made by mixing a solution of 
terrous sulphate (“copperas"), retaining 1 cvft. to every 30 

•odious of water and 10 lbs. of sulphuric acid with a solution of 
e 
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potassium ferrocyanide of equal strength. 'This dilution is ad¬ 
vantageous as giving a finer precipitate than would be obtained 
in stronger solutions. The precipitate is white at first, being 
ferrous ferrocyanide, Fe 2 FeCy 6 , but on account of the presence of 
dissolved oxygen and of ferric sulphate in commercial copperas, 
it is frequently light blue owing to the formation of some ferric 
ferrocyanide. The precipitate is allowed to settle, the clear 
liquor run off, and the precipitate oxidised to ferric ferro¬ 
cyanide by treating it with any convenient oxidising agent, 
bleaching powder (made into a thin cream with water) being 
the cheapest; nitric acid is preferred on the Continent; air 
would be cheaper than cither of these, but it is found 
that the colour of the product is not so good. After the 
addition of the bleaching powder, dilute hydrochloric acid is 
added ; chlorine is thus evolved, and oxidises the ferrous ferro¬ 
cyanide to Prussian blue. Sometimes the bleaching powder is 
used to oxidise the ferrous sulphate into ferric sulphate previously 
to precipitation, hut the blue thus prepared is not of equally 
good tint. By substituting potassium i'erricyanidc for the ferro¬ 
cyanide, a blue of redder tint than that produced by the latter 
is obtained. The blue is washed and pressed into cakes. Com¬ 
mon Prussian blues are either prepared by oxidising ferrous 
lerrocyanide by air, or by the addition of diluents such as barium 
sulphate, chalk. A'e., to ordinary Prussian blue. If in the pre¬ 
paration of Prussian blue potassium lerrocyanide be kept in 
excess— e.g., by pouring the iron solution into the solution of 
ferrocyanide—“soluble” Prussian blue is formed. This sub¬ 
stance is only soluble in pure water, so that it does not 
dissolve until tho mother liquor has been removed and the blue 
washed. Formerly, soluble Prussian blue was much used for 
making inks, but it is now largely replaced by aniline dyes. 

Turnbull’s blue is a variety of Prussian blue prepared by the 
double decomposition of potassium fcrricyanide with a ferrous 
salt. Its composition is said to be represented by the formula 


1 e s ( FeCy 6 ) 2 . * * 

Prussian blue is extremely fast to light and acids, but is 


decomposed and decolorised by the weakest alkalies, even by 
soap. It is soluble in oxalic acid, the ^solution being made use 
of in the preparation of blue inks, in place of one of soluble 


Prussian blue. 


Brunswick blue i$ a mixture of barytes and Prussian blue, 
the barytes being mixed with the ferrous sulphate solution 
before adding the ferrbeyajude and oxidising, a thorough 
mixing of both pigments being thus Secured. TTltrarnarine 
and oflher pigments ai*3 sometimes added to it. A sample 
examined by tlurst consisted chiefly o£ barytes, with about 
7 per cent, of Prussian blue and 5 per cent, of ultramarine. 

Smalt.—This pigment is now less used^han formerly, as it has 
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been largely replaced by ultramarine. 11 consists ui a potash glass 
containing cobalt oxide instead of lime. Its eompo.-itmn is ivpie- 
seuted by the following analysis:— 

Per cent. 


*Silica,.70 SO 

Potash (and soda).21 41 

Cohalt oxide.0 41) 

Alumina, iron, oxide, &e. f . . . . 1*24 


100 00 

Smalts much richer in cobalt (up to 16 percent.) arc also prepared. 

The raw materials consist of cobalt oxide, quartz and potassium 
carbonate. The first of these is obtained by roasting cobalt ores 
(see Cobalt , Vol. I.) to oxide (the crude oxide being termed 
z^ffre), and is then mixed with a quantity of quartz, which is 
varied according to the required dilution of colour. To this 
mixture about one-third of its weight of potassium earbonato 
is added, together with an oxidant (usually white arsenic), 
to convert ferrous oxide into ferric oxide. I lie mixture is 
then charged into fireclay crucibles, and heated to its fusing 
point, in a furnace resembling a glass furnace, (Vol. 11., p. 167). 
When the muss is fused, a “ speise ” or regains (consisting of iron 
and nickel sulphides and arsenides that have not been oxidised 
by the preliminary roasting, wliieh is purposely limited, ill otder 
that sufficient arsenic and sulphur may remain for tho formation 
of this speise) falls to the bottom of the crucible. When this 
separation is complete the glass is hulled out and the speise nin 
oil* through holes in the. bottom of the crucible, which are plugged 
during tho fusion. The fused glass or smalt is thrown into cold 
water, and the resulting, roughly granulated mass is ground and 

levigated. Smalt is a very permanent pigment. 

Artist’s “Cobalt Blue" generally consists of cobalt oxide and 
alumina, and frequently contains cobalt phosphate. It is made 
by precipitating a mixture of alum and cobalt nitrate with 
sodiiAn carbonate, and healingJhe precipitate to redness. An 
alternative plan consists in igniting cobalt phospliate with 
alumina. 

There is a variety of blue pigments consisting <>t rapper car¬ 
bonate or hydroxide, orWh ?.g„ Bremen blue and blue verditer. 
A copper-lime gloss was anciently used, notably by the Egyptians, 
as a blue pigment. A samplo analysed fcy Fomjuo contained 
61 per cent. SiO„, 14 per cent. CaO, 21 per cent. CuO, and a 
little ferric oxide. . • 

3. GBF.I7N PIGMENTS.— Brunswick Groon.— I he green 

pigment? of chief commercial importance is that prepared by 
mixing a yellow pigment, lead chromate (v.i), with Prussian 
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blue (zj.a.). This colour is “ let down ” by such diluents as 
barium sulphate, calcium sulphate, calcium carbonate, lead sul¬ 
phate and white lead. The pigments may be incorporated dry, 
or precipitated together, in which case solutions of lead acetate, 
ferrous sulphate, potassium ferrocyanide and potassiurp bichro¬ 
mate are mixed, and the diluent—barium sulphate—added, 
the mass being more evenly commingled than that prepared by 
the dry method. ‘‘Brunswick green” is the name most commonly 
applied to these pigments, although genuine Brunswick green 
(now practically obsolete) is an oxychloride of copper. The 
following analyses, by Hurst, show the composition of pigments 
of this class :— 



rate. 

Deep. 

Water, ..... 

I'er cent. 
1-000 

Per cent. 

1 000 

Karinm sulphate, 

7*2-741 

72"704 

Calcium sulphate, . 

2*341 

Trace 

Prussian blue,.... 

0-029 

4-543 

Lead chromate, 

Lead sulphate, 

14-200 

17 000 

<S 073 

3 2X0 


99-353 

99-247 


These greens art; used as common green paints, but as they con¬ 
tain lead they darken in air containing sulphuretted hydrogen. 

Chromium Greens.—Chromic oxide is tho basis of several 
green pigments. Thus, chrome green consists essentially of 
Cr 2 0 3 , ami is prepared by igniting mercurous chromate, am¬ 
monium chromate or a mixture of potassium chromate or 
bichromate aud ammonium chloride, or one of potassium bi¬ 
chromate and sulphur. In the two latter cases the pigment 
has to be freed from soluble salts by washing. Hydrated 
chromic oxide is now generally prepared in the form known 
as Guignet’s green. By Guignet’s process, one part of potagsium 
bichromate is mixed with three* parts oil boric acid, and heated 
to dull redness in a muffle. Chromium borate, Cr 2 (B 4 0 T ) 3 , is 
formed, and on treatment of the mass with water is split up 
into hydrated chromic oxide, Cr 2 0(011t 4 , and boric acid. The 
temperature at which the ignition is effected lies between 500° 
and 700° C. = 932° to 1,292° F. Guignet’s green tf is very per¬ 
manent and is free from the hygienic disadvantages of arsenic 
greens, but is costly to prepare. Several other green pigments 
containing chromium— e.g ., those prepared by boiling an alkali 
phosphate with potassium bichromate ana a reducing agpnt such 
as invert sugar, consisting mainly of chromium phosphate—are 
also manufactured. , 

Greens containing Copper.—The copper greens having the 
best colour are those which contain arsenic, viz.: — Scheele's 
green and emerald or Sfihwemftjrth gieen. The former is an acid 
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cupric arsenite, CuHAs0 3 , and is made by dissolving arsenious 
oxide (As 4 0 6 ) in a solution of potassium carbonate and pouring 
the solution into one of copper sulphate. The precipitate is of 
bright gr«en colour, but is very objectionable on account of its 
tendency to form dust in the air, such dust being highly 
toxic. The latter (emerald green) is an aceto-arsenite of copper, 
Cu( 0 2 Il 30 2 ) 2 + (hi 3 As 2 0 6 , and is generally prepared from verdi¬ 
gris, which is a basic acetate of copper (v.i) } by boiling it with 
arsenious oxide. An alternative plan consists in mixing solu¬ 
tions of copper sulphate and sodium arsenite, and treating the 
precipitate of cupric arsenite with acetic acid. The pigment is 
permanent but poisonous. 

Verdigris is a basic acetate of copper, Cu(0.,II.jO.>) 2 »- (Ju(OH)., 
+ H 2 0, and is prepared by the corrosion of copper plates, by 
inAms of the acetic acid present in wine residues that have been 
allowed to acetify. Another process consists in laying plates 
of copper between sacking, saturated with pyroligneous arid 
(see 1) 1st illation of ll<W, Vol. II., p. These layers are 

packed in casks, the sacking being periodically withdrawn and 
again saturated with the acid. When the copper plates have 
become coated with verdigris they are scraped and replaced. 
A crystalline variety of the pigment, obtained by dissolving 
copper oxide in pyroligneous acid, or by precipitating copper 
sulphate with calcium acetate, and evaporating the solution 
obtained in either case to the crystallising point, is known as 
“distilled verdigris.” 

Green basic copper carbonates — green malachite, 
CuC0 3 .Cu(0lI)o—are prepared by the levigation of the natural 
mineral, or by precipitating a solution of copper sulphate with 
sodium carbonate. In the latter form, the pigment is sometimes 
called “green vercKter." 

Terre verte is a native mixture of silicates, ferrous silicate 
predominating. A sample from Cyprus was analysed by 
Klap^jpth, and had the following composition :— 

% • Per mi\ 


Silica, . 


r» i r> 

Ferrous oxide. 



Potash, 


180 

Magnesia, 

« 

1 5 

Water, . 


H'O 

• 


_ .... 

% 


• 90*5 


Rinmann^ green is prepared,by igniting either zinc oxido 
which has been saturated with the solution of a cobalt salt, or a 
mixture'of the , Iroxides . !' inc and cobalt. It is.a good 
permanent pigment, Itut is costly to manufacture! 

4. YELLOW PIGMENTS. ^-Chrome Yellow.- The most 
important yellow pigment is citron:?' ye!low (lead chromate), 
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winch vanes in shade according to its degree of basicity, neutral 
lead chromate (PbCrO,), being a normal yellow, while the 
various basic load chromates range from yellow to rod, through 
orange. Yellows which are paler than loud cbromutirare made 
• down" the neutral suit will, a diluent, such as lead 

sulphate or barium sulphate. Chrome yellow is prepared by 
pi reputation, solutions of potassium bichromate and lead acetate 
or nitrate being mixed in the proportions represented by the 
equation (in the case of nitrate)— 

-* >l, (N(>A + K.jCrd), + 11,() ^ 2PI)CrO ( + 2KN0,, h- 2IIN0,. 

An alternative method consists in digesting lend sulphate- 
winch is a bye-product in calico-printing from ninking alumi¬ 
nium acetate by the interaction of lead aeetaie with aluminium 
sulphate- with potassium bichromate, the lend chromate formed 
being in this instance mixed with lead sulphate. The sifme 
mixture is prepared according to the react ion represented bv 
the equation given above, with the difference that sodium sui- 
phute replaces a part, of the potassium bichromate, the shade 
Obtained depending upon the proportion of sulphate used. 

. limy other recipes involving the same principles are adopted 
in the manufacture of chrome yellow. 

ilie orange and red shades ol lead chromate are made by 
digesting the neutral salt with caustic soda or milk ol lime. 

I hose bases being more powerful than lead oxide, remove a 
portion ol the chromic acid as sodium or calcium chromate, the 
resulting colour depending upon the proportion of base used and 
upon the conditions of digestion. The following equation shows 
the formation of the red basic chromate, which, when associated 
with unaltered yellow neutral chromate, gives various shades of 
orange :— 

2PbCr0 4 + Ca(OH) a = PbCr0 4 .Pb(0H)„ + CaCr0 4 . 

Chrome yellows are sold under various trade names,' the paler 
yellows e.g., “lemon yellow"— being termed “pure,” whpn the 
diluent used is lead sulphate instead of barium sulphate. 
Chrome yellfcw, as found in commerce, is but rarely pure 
chromate of lead, often containing up to 40 per cent, of diluents. 
The chrome yellows cover well, but rtre darkened by air con¬ 
taining sulphuretted hydrogen. 

Zinc ohromate apd barium chromate are also#ised as yellow 
pigments to a limited extent. 

Cadmium yellow iS ,CdS, which exists iu two shades, the 
yellow sulphide being precipitated wheij sulphuretted hydrogen 
is passgd through a neutral or slightly acid solution of a^iadmium 
salt, and the orange being formed when the solution is strongly 
acid. NaturalVy it is unaffected by sulphuretted hydrogen, in 
this respect being prtferable to chrome yellow. 

King^ yellow is As 2 S 3 , acid occurs‘naturally as orpiment, 
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but is more frequently artiticially prepared by precipitating a 
solution ol white arsenic in hydrochloric acid with sulphuretted 
hydrogen, or by subliming a mixture of sulphur and white 
arsenic. , 

Another sulphide of arsenic - realgar, As.S,,-- used as a pig¬ 
ment-, is red, and occurs native, though it is also prepared by 
heating white arsenic with a limited supply of sulphur, or with 
a mixture of charcoal and sulphur, the sulphide subliming. 

Turner’s or Cassel yollow is an oxychloride of lead 
(3PbO.PbCl 2 ), prepared in a manner similar to that used in 
the first stage of the msiiufaetun- of white lead by Mil tier’s 
process (p. 372), the product, hydraicd had oxychloride, being 
fused ; the shade depends upon the. duration of tin* heating. 

Naples yellow is lead antimoniate. ami is made by heating 
a torn pound of antimony—«.«/., tartar emetic -with had oxide. 

Cobalt yellow (“ Aureo/in ”) is tin* double nitrite of potassium 
and cobalt, prepared by adding a solution of potassium nitrite 
to one of cobalt acetate. 

Yellow' ochre will be dealt with under Jirown /'iyvirnts 

5. RED PIGMENTS. Rod Load (Mimum).' This oxide 
of lead is an oxidation product of litharge (I’hO), and may be 
regarded as an association of PbO and 1‘hO... The composition 
of commercial red 1 >ad d »»‘s not correspond with the formula 
Pb-jOj— i.e., PbO.PbOo—which is usually quoted, hut with that of 
an oxide containing more lead monoxide—«.</., 3PbO. PliU 2 . J i is 
extensively made, not oidy for use :is a pigment, but as a cheap 
oxidant for glass making and other purposes. It is produced 
by roasting lead oxide, which must be specially prepared for tin; 
purpose by oxidising metallic lead in a reverberatory furnace to 
a temperature just above the melting point of lead, 335' 0. 
-- 635 ? F., but too low to fuse the resulting lead oxide, the 
yellow form of lead oxide (massicot) being thus produced. The 
massicot is raked or rabbled off the lead as it is formed, and is 
then ground and levigated to eliminate metallic lead, which it 
alwajra contains. The ^prified ^massicot is heated in # a muffle 
at a low red heat until a cooled sample is found toJiave acquired 
the right hue. This colouration is caused by absorption of 
oxygen. # 

Red lead has good covering power, but shares the objections 
to lead pigments jfrhich have been already mentioned. Paris red, 
or orange red, f is made by cautiously heating white lead. 

Vermilion.—This substance is mercuric sulphide (MgS), 
which occurs in two modifications, •the black and the red. 
The preparation of n.d mercuric sulphide can be effected by 
both dry and v : method*. The dr^ method, which >is said 
to produce ^he bettei* quality, consist, in heating mercury with 
sulphur, the quantities varying according to the prescription 
employed. In the Chinese process the first heating is conducted 
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in an iron pan, whereby a dark coloured mass results. This is 
powdered and sublimed in a pan surmounted by a receiver 
constructed of porcelain tiles. The sublimed vermilion is 
ground, and mixed with water containing a little «luin and 
glue. From this it settles and agglomerates, the deposit being 
cut into cakes for the market. Processes similar in principle 
are practised under the names of the Dutch and Idrian pro¬ 
cesses. 

The, wet method consists in heating an intimate mixture of 
300 parts of mercury and 114 of sulphur with 75 parts of 
caustic potasii and 400 of water at a temperature of 50° C. = 
122* F., for some hours, the water lost by evaporation being 
made good during the earlier stages of the process. Towards 
the end of the operation, when the black modification of mercuric 
sulphide is changing into the red variety, the mass is k«pt 
stirred. This process depends upon the fact that black HgS is 
converted into red HgS when heated with alkaline polysulphides 
—in this case by potassium polysulphide formed by the action 
of sulphur on caustic potash. 

Vermilion prepared by the expensive and empirical Chinese 
process is better in quality than that obtained by cheaper and 
more rational methods. Vermilion is often adulterated with 
red lead, ferric oxide, brick dust and pigments coloured with 
oosin (vermilionettes— v.i.). It is permanent and non-poisonous. 
its high specific gravity (8‘2) renders it liable to separate from 
the vehicle with which it is ground. 

Antimony vermilion, 2Sb 2 8 ;r Sb 2 O v is prepared by pouring a 
solution of antimonious oxide in hydrochloric acid into one of cal¬ 
cium thiosulphate (partially oxidised alkali waste), and heating 
at a temperature of about 00° O. 140° F. The red oxysulphide 
is precipitated, and is washed and dried at a low temperature. 
It is a permanent pigment of good colour, but is not largely 
used. 

Mercuric iodido, Hgl 2 (brilliant scarlet), is prepared by 
precipitating a solution of mercuric chloride with one of‘potas¬ 
sium iodide, ij.nd is of great beauty, but is very fugitive. 

6. IRON PIGMENTS.—The pigments containing ferric 
oxide as a colouring constituent are of*, various shades, usually 
less definite and brilliant than those already described, and there¬ 
fore less conveniently classified in the order of their colours. 

Red Oxide of lion.—This is the commoncst'iron pigment 
and most closely approaches pure ferric oxide in composition. 
It is also known as roug*, and* its various shades ye known as 
Indian red, Venetian red, <fcc. Certain hematites of good colour 
are ground and used :iif a pigment, and ferric oxide ^prepared 
artificially is a|so largely employed. Tlfe principal source of 
the artificial variety is green vitriol (copperas). When this is 
ignited, as in the manufacture of Nordhausen sulphuric acid 
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(Vol. II., p. 23), it loses wiiter, sulpliur dioxide and sulphur 
trioxide, the residue being ferric oxide (colcothar). It is also 
prepared from the sulphates of iron produced l>_v the oxidation 
of iron pyrites, as practised iu this country whore the pigment 
is the main product and the sulphur oxides are not condensed. 
Ferric oxide pigments can also be obtained by igniting the 
ochres (v.i.) tiiis process allowing of the obtain incut of a more 
extensive range of shades. Refuse liquors containing iron— 
e.y., the pickling liquor from tin plate works (see Vol. 1.) - 
are precipitated by lime, and the crude oxide of iron obtained 
is roasted and used as a pigment. The shade of ferric oxide 
depends on the temperature of ignition, a purple tone pre¬ 
dominating in those specimens which have been most strongly 
heated, lied oxide pigments are extremely permanent and are 
largely used, chiefly for rough out-door work. They are com¬ 
monly diluted with such substances as barium sulphate, calcium 
sulphate and calcium carbonate, and may contain from 50 to 05 
per cent, of ferric oxide («,/' Vol. ].). 

Ochros and Siennas.—As found in nature these differ from 
the red oxide pigments in that they contain hydrated ferric 
oxide, which is associated with clay and sand. In colour, ochres 
vary from yellow to brown according io the condition of the 
ferric oxide which they contain. Siennas are distinguished from 
ochres by their containing manganese, dioxide, and appear to have 
been deposited from suspension in water, for they are usually 
purer than ochres which may be regarded as formed by the 
decomposition of pyrites and other ferruginous minerals in silo. 
It thus happens that siennas can generally he used alter simply 
grinding, whereas ochres require levigation. The best kinds of 
ochre are those from Oxfordshire and Derbyshire. The following 
is an analysis of Oxford ochre :— 


Water {hygroscopic), . 


Per cent. 
<i S9 

„ {combined), 


Slo 

Ferric oxM' 1 , 


1 J S 1 

Alumina, . . 

« 

t; 17 

Silica, 


6.‘l 48 

Lime, . . . 

. 

# 1 '00 

» 


98 SO 


Ochres are permanent pigments; they are. frequently adulterated 
with barium sulphate, calcium sulphate jynl calcium carbonate. 
Natural sienna is sold undo* toe xyime qf “raw sienna”; for the 
production of*a reddish fcrown pigment it is ignited until it has 
acquired the rigid' shade, and '■ then known as “burnt sienna,” 
the combined water of»the hydrated ferric oxide being expelled 
by the ignitibn. * 9 

The umbers form pother group flf fefric oxide pigments, 
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containing more manganese than the siennas, and, like the latter, 
are sold ns raw and burnt umber. 

B. ORGANIC PIGMENTS.— These may he divided into pig- 
meats containing free carbon and those owing their colour to 
complex organic dyestuffs. The former include:— 

Lampblack (vegetable black ).—This is made by the checked 
combustion of oily and fatty materials, and collection of the soot 
produced. The process, as generally carried out, consists in 
allowing creosote oil or similar cheap hydrocarbon to drip upon a 
hot tray, when? it burns with a very smoky flame, a slight draught 
carrying the smoko through a- number of narrow brick passages 
in which the black is deposited. That caught at the end of these 
chambers is the finest and best as a pigment. On account of its 
inode of preparation lampblack contains oil and tarry matter, 
but no mineral impurities or ash. It contains about 00 per <;<pit. 
of carbon, the balance being tarry matter. For the manufacture 
of printing ink, lampblack is calcined to remove oily matter. 
A variety of lampblack of inferior covering power is called 
“ garbon” or “ diamond” black, and is the soot collected from the 
incomplete combustion of natural gas (see Petroleum, Vol. II., 
p. 120) by allowing the flame, of the gas to impinge upon a 
revolving iron plate ; it contains 92 to 93 per cent. C, 5 to 
t> per cent. 0, and 1 to 2 per cent. 11. A black of good 
quality is also obtained by the incomplete combustion of 
acetylene. 

Bono and Ivory Black. -1 lone black is produced by the 
destructive distillation of bones (see Vol. Tf., p. 113). Scrap 
ivory is the raw material of genuine ivory black. In each case 
the colouring mutter is carbon, which is diffused over the surface 
of calcium phosphate, that being present to the extent of about 
75 per cent, of the weight of the pigment. The pot method 
(see Destructive distillation, Vol. II., p. 113) is generally used, 
as it yields a better pigment. Common black pigments consist 
of diluents, such as barium sulphate, coloured with about 10 per 
cent, ofcarbon. *» 

Other Organic Colouring Matters.—In order to make 
use of colouring matters which, by reason of their solu¬ 
bility or poor covering power, are in themselves inapplicable 
as pigments, the plan of precipitating them upon a mineral 
“base,” such as barium sulphate (blanc fixe), kaolin and alumina, 
is now largely adopted. A decoction of the dybstuff is made, 
and, if the colouring matter be “acid” in character, is precipi¬ 
tated by the addition rf alum and stannous chloride, with or 
without sodium carbonate, in the presence of the diluent (“base”) 
to be coloured. In the-case of basic colours, their solutions are 
precipitated bv the addition of tannic acid, and thus also colour 
the “ base.” The colouring lhatters used for the production of 
pigment lakes ar« considered under the head Dyestuffs ( q.v .). 
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The preparation of a few pigments, typical of this class, is given 
below. 

Cochineal carmine is prepared from a decoction of cochineal 
by the addition of such precipitating agents as alum, stannous 
chloride and carbonate of soda, and allowing the carmine thus 
produced to settle. The following shows the composition of 
a good sample :— 


ivr cent. 

Water.1.V69 

Ash. . 7~4 

Nitrogenous muiter.20*31 

Colouring matter (e&rmiuic arid), . . . 50'36 


The ash consists chiefly of lime and alumina. 

Magenta lake is made by precipitating the basic colouring 
nfhtter magenta ( Juchttinc ) with tartar emetic and tannic acid, 
in the presence of barium sulphate. 

Vermilionottes are made from the acid coal-tar colour eosin 
(q.v.) by precipitating a solution of eosin in sodium carbonate 
with lead acetate in the presence of red lead or chromate of lead. 

Sopia.—This is a brown pigment prepared by drying the 
peculiar secretion of the cuttle-fish (Sepia officinalis), and boiling 
it with caustic alkali, whereby it is dissolved away from accom¬ 
panying impurities. Jt is a feeble organic acid, and can be pre¬ 
cipitated from its solution in an alkali by an acid. The dried 
secretion contains 78 per cent, of the pigment, which has been 
termed melanin, and some 17 percent, of calcium and magnesium 
carbonates. 

Indian yollow, or purroo, is made from the urine of cattle 
fed on mango leaves. It appears to consist of the magnesium 
salt of euxanthic acid (0 w H 16 0 u Mg,5H„O), which is insoluble in 
water, but not wry stable, so that the pigment is liable to fade. 

0. PAINTS AND VEHICLES.-In order to apply the pig¬ 
ments that Imre been described above, it is necessary that they 
should be used in a state of suspension in some liquid vehicle. 
In tlTis condition they constitute paints. In those cases where 
paint is to bo applied as a preservative it is essential that the 
vehicle should be capable of forming a coating or varnish-like 
lilin upon the surface, tind thus attaching the pigment firmly 
thereto. For artists’ use water is frequently employed as a 
vehicle, as nOjpreServative effect on the surface painted is desired, 
but for industrial purposes a drying oil— i.c., one which is cap¬ 
able of oxidising to a hard insoluble film—is requisite. A paint 
is said to b| “ground in oil,” of «im]Ay “ground,” when it has 
been incorporated witft a drying oil to a stiff paste, and to bo 
“mixed” ready for use whe.» the "found product Wls been 
diluted, to^sueh a consistency tbaj it flows readily from a brush, 
with a further quantity of a drying # oil ^nd a volatile solvent, 
such as oil of turpeiftine. Foi; this reason pigments are met 
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with in the market both “ground” and mixed, the former 
having to he mixed by tin* user. 

The oil most commonly used is linseed oil, both raw and 
boiled (though other drying oils, such as walnut oil,,are also 
employed), the paints being ground in raw oil arid mixed with 
boiled oil. (For a description of linseed and other drying oils 
and an explanation of the terms “raw” and “boiled,” see Oils, 
Resins and Varnishes , Vol. LF., p. 249.) The dry pigment is 
generally reduced to powder by edge-runners. An edge-runner 
is a mill consisting of a rotating bed-plate on which bear a pair 
of vertical rollers, the pigment being ground between the plat.fi 
and the rollers. It. may then be levigated—that is, mixed with 
water to a cream; the coarse particles are thus separated, the 
liner (lowing away suspended in the water, ami being caught in 
depositing vats. The Finely-divided colour is then ground in pil 
between millstones or rollers, the quantity of oil required vary¬ 
ing, with the nature of the pigment, from 6 to 8 per cent, for 
wliite lead, 12 to 15 per cent, for ochre, and up to 50 per cent, 
for lampblack. 

The mixing with boiled oil and oil of turpentine is effected in 
a pugmill, consisting of a vessel provided with an agitator driven 
by power. Instead of boiled linseed oil and oil of turpentine, 
more or less rosin oil and the lighter fractions of petroleum oil 
are frequently employed, the product being, however, inferior to 
paint made in a legitimate manner. 
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CHAPTER XVI. 

MANUFACTURE OF LEATHER, GLUE AND SIZE. 

I. LEATHER .—The softness am! pliancy of skin, combined 
with its considerable strength, would admirably fit it for various 
purposes were it not for the facts that it rapidly putrefies when 
in its natural moist condition, and becomes horny and brittle 
when sufficiently desiccated to be more permanent. It is 
the object of the tanner and the leather dresser to render the 
skin imputrescible, and at the same time to preserve its pliancy 
and, in some cases, its softness. Diverse processes exist for 
accomplishing this end, but all are capable of classification under 
i lie three heads—(1) Tanning with infusion of bark or other 
vegetable material; (2) tanning with mineral salts; (3) tanning 
with oils. Combined mineral and vegetable tanning is also 
practised. The word tanning is hero used as synonymous witli 
curing the skin, whatever the method adopted, though in the 
trade the word is almost exclusively applied to the first class of 
processes; skins which are treated by the processes belonging 
to the second and third classes are said to be “dressed.” 

BAW MATERIALS.—(1) Hides and Skins.—In order to 
appreciate what little is known as to the fundamental principle 
underlying the processes of tanning and leather dressing— 
namely, the relationship between the hide or skin and the 
tanning material (see Theory of Tanning )—some knowledge of 
the histological structure of the skin is essential. 

This structure is practically identical in all skins, the tanner’s 
difi'erentiation of hide from skin referring simply to the thick¬ 
ness of the material and the kind of leather which it is to 
produce. * * 

Fig. 46 represents a transverse section of if piece of skin, 
cut parallel to the plane in which the hair grows. It will 
be seen that there are two distinct layers in this section, 
which has beep, stained in order to render this differentia¬ 
tion more apparent. The darkly-shaded portion on the hair 
side is known as the epidermis, and constitutes a small frac¬ 
tion of the thickness or tht^ skiqthe lighter and more 
considerab.h portion »is distinguished as the Corium, or true 
skin. • , , 

The epidermis is instituted of nucleal cells, the total number 
of which ife fairly constant in tire adult animifl, since the outer 
cells dry up and are constantly remtrved by abrasion, their place 



390 MANUFACTURE OF LEATHER, GLUE AND* SIZE. 

being taken by the living cells beneath ; these are nourished by 
the albuminous liquid of the coriuin, and multiply in the usual 
manner. It appears that the epidermis, b, is the parent of the 
hairs and glands. The former have their rise in an accumula¬ 
tion of cells, which subsequently grows down into the corium, 
forming the hair sheath, and in this the root of the hair de¬ 
velops and grows into the shape of a bull), p, as the hair pushes 



its way to the surface. Tjie botryoidal sebaceous glands, T, to 
be seen gathered round the h'air, discharge fat, as w lubricant, 
into the^hair sbeath, whilst the sudoriferous or sweat glands, K, 
discharge the perspiration by ducts whicji open through the 
superficial epidermis. The muscles (erector muscle,* A) which 
serve to erect the hair«for protective pulses are situated close 
to the sebaceous glands. 
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Practically, the whole of the epidermis tissue is removed during 
the unhairing of the skin for tanning. 

The connective tissue, which constitutes the corium, (J, consists 
of bundles of fibres, which are loosely interwoven on the llosh side 
of the skin, but are more closely matted as they near the epidermis. 
The looser portion is termed the pars reticularis, and is the 
larger part of the corium ; it is rich in fat cells, and is in great 
measure remoyed during the “fleshing” of the skin for tanning. 
The pars papillaris, as the portion of closer texture is called, is 
the most valuable part of the skin, its upper layer forming the 
grain of the leather. It has been stated that a membrane of 
different structure covers this pars papillaris, and separates it 
from the epidermis; the staining of this, the hyaline layer, by 
the colouring matter of the bark, may account for the difference 
\frhich is to be noticed between the colour of the surface and that 
of the main portion of bark-tanned leather. 

There can be no doubt that much advantage will accrue when 
the microscope becomes an accessory to every tannery; the 
information to be attained by the examination of sections of 
both successful and unsuccessful tannages, at all stages of the 
process of manufacture, will undoubtedly aid in the discovery of 
the cause of success or failure. Beyond the brief sketch of the 
structure of skin given above, it would obviously be foreign to 
the scope of this work to enter into a discussion of the technique 
of microscope practice. 

The chief proximate constituents of skin are either albuminoid 
compounds or closely allied to these; this is necessarily tanta¬ 
mount to saying that little is known of the chemical constitution 
of the histological units. The epidermis tissue consists mainly 
of keratins, which are characterised by their high content of 
sulphur, amounting in the case of hair to approximately 5 per 
cent., otherwise their composition does not differ much from that 
of the true skin given below. The keratins are much more resist¬ 
ant to the attack of water than is the true skin; when heated 
under pressure with wr^er they yield a turbid solution, which is 
precipitated by acids with evolution of sulphuretted hydrogen. 
The solution does not gelatinise on cooling. When the skin is 
“limed”—that is, soaked in lime water, the less resistant, younger 
portion of the epidermis is attacked, so that the hair and super¬ 
ficial scales lyecome loosened, and can be easily removed. Stronger 
alkalies and alkali sulphides apparently dissolve the hair. 

The true skin, or corium, consists, almost entirely (95 per 
cent.) of tlje compound called fjpllag$n; this is insoluble in cold 
water, but is converged into gelatine when boiled with water, 
a change upon which the glue-makefs’ art depends. oThis con¬ 
version probably ’due to the combination of the collagen with 
water; it has been well compared with the Change involved in 
the gelatinisation of Starch. Both collagen and starch are bodies 
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having a definite structure, which is entirely lost, without any 
apparent change in chemical composition, when they are boiled 
with water. The ultimate composition of gelatine (and of 
collagen) may be given as C = 50 per cent., H — 6 8 per cent., 
0 = 25‘5 per cent., N = 17'7 per cent. Dilute mineral acids 
cause collagen to swell considerably; more concentrated acids 
dissolve it. Prolonged contact with dilute acids converts col¬ 
lagen into gelatine even at the ordinary temperature. Alkalies 
dissolve collagen, but the action of lime-water in this respect is 
comparatively slow. In a bath of this alkali, the first action 
appears to consist in the dissolution of sufficient of the collagen 
to bring about the separation of the fibres of the connective 
tissue into still finer fibres. The addition of an acid to the 
solution precipitates a substance which has been termed coriin, 
though its right to be regarded as an individual is doubtful; ic 
is soluble in a 10 per cent, solution of sodium chloride, and 
was at one time regarded as a cement substance—the “ inter¬ 
cellular substance”—serving to keep the fibres together; in this 
sense it was said to bear the same relationship to the collagen as 
sericin bears to silk fibroin (p. 278); it is more probably only a 
decomposition product of the collagen. There are always several 
nmido-acids and much ammonia to be found in lime-water which 
has been used for the unhairing of hides. 

Gelatine will receive further notice under glue, but attention 
must here be called to two of its properties which are most 
significant for the tanner. One is that a solution of gelatine is 
precipitated by all true tannins, even when containing only 1 
part in 5,000 parts of water. The other is the property which 
gelatine has of becoming insoluble when mixed with a solution of 
potassium bichromate and exposed to light. It is worthy of 
remark that gelatine is # rendered insoluble by a solution of form¬ 
aldehyde, HOIIO (sold in the form of about 40 per cent, 
solution, under the name of formaline). 

There is a certain amount of albumin, in the form of lyi^ph, 
in thecorium; it is for the mostt part removed during the pre¬ 
paration of the ^kin for tanning; what remains probably absorbs 
tannin. In addition to this there is another albuminoid sub¬ 
stance, constituting the elastic fibres of “the connective tissue; 
this is termed elastin, and is characterised by its great resist¬ 
ance to acids and alkalies, so that it is the last constituent to 
disappear when the hide is treated with these agents. 

All the above constituents of the corium may be included 
under the term “true hidb substance.” Besides tljese, water, 
fat and ash are to be found in all skins. Since, in almost every 
case, the 1 * skin undergoes *a process of unhairing, designed to 
remove the epidermis before tanning, it is better toj consider 
the proximate composition of the prepared pelt rather than that 
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of the raw hide. In the following table ( v . Schroedcr) the com¬ 
position of a number of prepared hides is given:— 



Water. 

In Anhydrous Hide. 


Fat. 

Ash. 

Hide 

substance 


Sweated ox hide, . 

71 TO 

0-28 

0 30 

9!)'41 

Limed ,, ,, . 

Calf skin, 

7fr4l 

0-33 

1 37 

98 30 

SO-NO 

1 -02 

1 09 

97-89 

African kip, . 

77-45 

101 

0-78 

98-21 

Cow hide, 

80’98 

0 66 

1 1)7 

97-37 

Sheep skin, . 

S8-59 

(>•98 

1 10 

91 -85 

Goat skin, 

SI -55 

12-58 

0-45 

9(5-67 







The content of water in the prepared hide varies, both with 
the nature of the skin and with the preliminary process. Many 
skins are more spongy than others, and the texture of the same 
skin will vary in different parts; thus, the butt of an ox hide 
will contain 7 per cent, less water than the belly contains. 
When the skin has been limed it has been rendered more 
spongy (“plump”) in texture, and, therefore, retains more of 
the water which it has absorbed from the limes and washing pits, 
than does the sweated skin which has not plumped. That a limed 
hide should contain more ash than a sweated one is self-evident. 

There appears to be a distinct difference, although a slight 
one, in the ultimate composition of the true hide substance of 
different classes of skins, as seen from the following figures :— 


Class of Skin. * 

C 

11 

O 

N 

s 

Ox, East India kip, ) 
hor^e, ealf, eow, / 
Goat, deer, roe,. 

50 51 

6-43 

24-98 

17-88 

O-20 

r.*:ti 

a-35 

25 66 

17*47 

•0*21 

Sheep, 

50* 19 

_ 

6-49 

20 0U 

iy>5 

0 21 


The commercial classification of skins is into hides, kips and 
skins. * 

Hides are frorn the larger animals, the term having reference 
to the weight and thickness of the ski^ rather than to the 
animal from which it is derived. <Jfen, $ows and horses furnish 
the most important hitLs? 

Skins ai'e frou. calves, sW p, goats and the smaller animals 
generally. ‘ 

Kips are f?ora Indian and Africa A breeds of si if all cattle, and 
are intermediate in size jami weight beCweeh cow hides and calf 
skins. 
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Hides are tanned principally for sole, belt and harness leather 
(heavy leather). Calf skins are the principal raw material for 
the uppers of boots (light leather) and bookbinding ; sheep skins 
furnish a variety of cheap leathers, such as imitation moruceo, 
bazils, &o., and are especially useful for oil tannages, such ns 
washleather ; goat skins are par ex.cellenw morocco skins and 
glove skins, although lamb skins and doer skins furnish a good 
substitute in glove making. Tim rarer skins, such as dog, alli¬ 
gator, porpoise, <kc., do not form staph* raw material, although 
leather made from them is fashioned into fancy goods. As might 
he expected, the heaviest hides are from tin* cattle of the less 
cultivated countries, since artificial protection of the animal 
tends to render its skin thinner. The River Plate district is 
now the chief source of heavy hides for “ butts.” Young hides 
are generally more flexible and of finer fibre than old ones; Che 
hides of cows which have calved become somewhat distended 
and thin. The practice of castration has considerable effect on 
the bide; thus a bull .skin will be thinner in the back and 
thicker in the neck and belly than an ox hide, the castrated 
animal bearing a skin of more uniform thickness, and therefore 
better. Hides from diseased animals are nearly always inferior 
and, moreover, dangerous ; in view of the frequent occurrence of 
anthrax among those who handle hides, a liberal use ol anti¬ 
septics, such as a solution ot carbolic acid, in the tannery store 
room is to be recommended. 

Similar remarks apply to the lighter skins, the sheep most 
prized for its wool not yielding the best skin. Practically 
nothing is known concerning the relationship between cattle- 
feeding and the quality of the hide. The chief defects in 
hides are cuts due to careless flaying, marks caused by ad¬ 
hering dung, marks of the branding iron, and thin places 
(even holes) due to the warble or hot fly. Protection against 
the last-named is to be obtained by painting places inacces¬ 
sible to the animal witli a mixture of flowers of sulphur and 
tar. - * c 

Imported glides have to be preserved from damage by putre¬ 
faction during transit. A common practice is to sprinkle salt 
on the flesh side of the “green” or raanr hide. Mere drying by 
exposure to air will serve, but excessive sun’s heat must be 
avoided, lest the skin, be so altered that it gelatinise on being 
subsequently soak<?d in order to soften it. ‘ Dry sal ting” is 
safer, and consists ir\ drying the “green-salted” hide by ex¬ 
posure to air. East India, i'.ips are generally drysalted, and 
not unfrequently plastered with lime* to make them heavier. 
“Arsenic kips” have *been cured by white arsenic* and are 
usually yellow^ being probably coloured* with turmeric (for in 
the experience of oqe of the authors they turn red* in the alka¬ 
line soaks); they take fonger to soften in the soaks than do 
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salt-cured kips. The use of naphthalene for preventing attack 
of insects when the skin is nearly dried, is practised. 

(2) Water.—The character of his water supply affects the tanner 
both generally as a manufacturer and particularly as a tanner. 
The character of water from a manufacturer’s point, of view has 
been dealt with in the first section of this book (Vol. I.). 

Water for the tanner should be free from suspended matter, 
for this is generally clayey material, containing sufficient iron to 
cause stains on the leather. For the same reason dissolved iron 
in the water is objectionable; as already explained, such dis¬ 
solved iron is deposited when the water is allowed to stand or if 
it is softened by Clark’s process (see Yol. I.). 

The effect of hard waters on the production of leather is 
mainly connected with the “plumping” of the hide or skin and 
the consequent firmness of the leather. During the processes 
which are adopted for preparing the heavy hide for tanning, it 
is desirable that the fibres of the corium should be swollen, or 
“plumped,” in order that a larger surface may be exposed for 
the absorption of tannin, and a firmer, more resistant leather be 
obtained than would otherwise be the case. For light skins, on 
the other hand, which are to be made into supple leather cap¬ 
able of being stretched, this plumping is less desirable. 

It is found that in distilled water the hide is not perceptibly 
swollen. Water containing carbonic acid or carbonates of lime 
and magnesia plumps the hide well, but water containing sul¬ 
phate of lime or of magnesia has a still better effect. Water 
containing chlorides, however, is quite inimical to plumping. 
Thus the nature of the lime and magnesia salts which cause the 
hardness must be taken into consideration. In the light leather 
industry, where plumping is not desired, a water containing 
chlorides in reasonable quantity may even be advantageous; 
the effect of these salts in causing the skin to “ fall ” is perhaps 
connected with the solubility of coriin in saline solutions (p. 392). 

Whqpe hides are limed, in order to unhair them, as is gener¬ 
ally practised in this country, the?plumping effect of tin* wafer 
used for washing and soaking is of smaller importance, since the 
requisite plumping will be attained during the liming process. 
After the treatment in “the limes,” the hides must be washed 
to free them as faj as possible from the lime which remains 
in them ; if a temporarily hard water (see Vol. I.) be used for 
this purpose, the carbon dioxide which it c(?ntains will tend to 
fix the lime in the form of < \rbonate, thuis rendering the grain 
of the hide harsh, and (musing tHe roughening of the surface 
during subsequent *‘scuading” operations; the staining of the 
leather in the tan pits, owing io such local depositions of crflcium 
carbonate, i^also liable to occur. ♦Moreover, should the'whole 
of the lime left in the hide be thus carbpnat^d, the hide will fall. 
A soft or softened watef is certainly desirable for this washing; 
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the application of Clark’s process (Yol. I.) is to be preferred 
to the crude method generally adopted—namely, the stirring 
of a few pailfuls of milk of lime into the washing pit. 

For the successful management of the “ soaks,” in which the 
hides and skins are washed and softened preparatory to unhair¬ 
ing, an equable temperature of the water is desirable in order 
that the process may not be at one time more rapid than at 
another, owing to the increased activity of micro-organisms 
induced by a rise of temperature. Well water, which has an 
average and constant temperature between 40° and 50° F. 
(= 4° to 10° C.), is preferable to river water, which is continually 
varying in temperature. It is necessary, also, to use with great 
caution any water which is contaminated with organic matter. 
If this be of vegetable origin it will be feebly acid, and will 
cause the hides to fall when they are washed in it after liming; 
if the organic matter bo of animal origin the water will he far 
too good a breeding ground for putrefactive organisms. 

There is a further objection to a very hard water in a tannery, 
namely, that it hinders the proper extraction of tanning materials, 
since all the tannins give insoluble compounds with lime and 
magnesia salts. The waste of tannins thus engendered is by no 
means negligible. 

(3) Tanstuffs.—The term tanstutf may be conveniently 
applied to any material which may be employed for converting 
skin into leather. Used in this broad sense the term includes 
(1) tanstuffs containing tannin, (2) oils, (3) mineral tanning 
materials. The special features of the oils and mineral salts 
which are used in tanning are considered in the appropriate 
sections of this work ; it is here only necessary to deal with the 
tanstuiFs containing tannin. 

These materials are either parts of plants, or extracts made 
from parts of plants. They all contain one or more tannins, 
but in addition various other soluble substances which have a 
considerable influence on the tanning process. 

The Vord tannin is applied to a nuwiber of chemical individual 
substances, composed of carbon, hydrogen and oxygen. Pending 
a more perfect means of isolating the substances, and a more 
exact knowledge of their chemical constitution than we at pre¬ 
sent possess, they may be distinguished b^ the names of tke 
tanning materials of which they are the characteristic constit¬ 
uents ; thus, they may be spoken of as oak tannin, myrobalans 
tannin, valonia tannin and so on. Some writers refer to them 
all as tannic acids, and fiistin^uish between gallotfjiic acid (from 
oak galls), quercitannic acid, sumactannic acid and .so on; it 
were oetter, however, to reserve the name tannic acid for the 
typical tannin^of which the, constitution is known,, namely, the 
purified tannin from oak; galls (gallotannic acid), which may be 
regarded as the typical tannin. * 

Tannic acid, +,2H g OJ occurs in the form of a 
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gluco9ide in gall nuts or oak galls, constituting tho tannin 
of these excrescences. There are several varieties of gall 
nuts, those which are most highly valued being the Levant 
galls, produced by the puncture of the insect Cynips gallae 
tincloria; , on the twigs of Quercus infectoria , a small tree 
growing in Asia Minor; these contain 60 to 70 per cent, of 
tannin and 2 or 3 per cent, of gallic acid. Immature galls are 
dark coloured (black or blue galls), and contain more tannin than 
is present in those from which the insect has bored its way—by 
which time the gall will have become lighter in colour (white 
galls) and pierced by a hole which serves to identify the mature 
gall even though it be fraudulently dyed. Chinese and Japanese 
galls, from Rhus semialata and Rhus Japonica, are lighter in 
colour than the best Levant galls and more irregular in shape. 
They contain 69 per cent, of tannic acid and 4 per cent, of other 
tannins. Knoppern or acorn galls, from Quercus pedunculata , 
contain 40 to 50 per cent, of tannin. Bassorah galls, rove, and 
the galls from the English oak (Qucrcus robur) contain 20 to 30 
per cent, of tannin. 

The tannin of galls is extracted on a large scale, chiefly lor 
use as a mordant, by crushing the galls, and systematically 
extracting them with water at 40 to 60° O. (- 104 to 140 J If.) 
until a concentrated liquor is obtained; this is allowed to settle, 
filtered and agitated with one-quarter of its volume of commercial 
ether (containing alcohol). YVhen complete separation into two 
layers has occurred, the ethereal solution of the resins, colouring 
matters, gallic acid, and fat is drawn oil* for the recovery of tho 
ether, whilst the aqueous layer, containing the tannin, is distilled 
to a syrup and then spread upon tin plates, which are heated by 
steam until the tannin swells up and becomes perfectly dry. 
If “crystal tannin” is to be manufactured, the syrup is run 
through a colander on to a revolving hot copper cylinder, whereby 
it is dried in the form of strings, and has a crystalline appearance 
when broken up. The extraction of tannin from galls is some¬ 
times Effected by dilute alcohol gdono, or by water alo^e, the 
products being distinguished as alcohol tannin and water tannin; 
they are more impure than ether tannin. 

Commercial tannic acid ^/hus prepared, contains from 70 to 90 
per cent, of gallotannic acid, the remainder consisting for the 
most part of glucose and water, and also, usually, some gallic 
acid. The ghftose is present as still unG^composed tannin, 
most of the tannin having broken up during the extraction. 
Tannic acid is amorphous, j,nd g^nera^y of a brownish tint; 
it has an astringent ladle, and fmould dissolve completely in 
six parts T)f col ’ water, ard to alcohol.- When hydroly^d by 
being heated with acid or alkali, it yields gallic acid (trihy^iroxy- 
benzoic acidj!— • v 

C 14 H, 0 O 9 4- H a O = 2C 6 H 1 (dH) 8 C , OOH. 
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Gallic acid is prepared in this manner for the manufacture 
of some dyes (see Gallocyanin) and of pyrogallic acid (pyrogallol, 
C f H 3 (OH) 3 —a photographic developer) into which it is con¬ 
verted by elimination, of C0 2 , effected by heating under pressure 
with water. 

When tannic acid is heated it yields a sublimate of pyrogallol. 
An aqueous solution gi\es a blue-black colour or precipitate with 
ammonium ferric sulphate, according to the strength of the solu¬ 
tion. A tannic acid solution gives a precipitate in a solution of 
gelatine. When a piece of raw hide is immersed in the solution 
of tannic acid, the whole of this is absorbed, the hide becoming 
converted into a poor form of leather.* 

The above properties of tannic acid are typical of all the 
tannins, the last two being most significant from the banner’s 
point of view. t 

All tannins do not, however, yield pyrogallol when heated, nor 
a bine colour with ferric alum ; in fact, in lieu of a better 
classification, it, lias become customary to divide the tannins 
under two heads:—(1) Those which yield pyrogallol when 
heated, and arc therefore related to gallic acid; (2) those 
which yield pyrocateohol, C11 4 (011.). 2 , when heated, and are 
therefore related to protoeatechuic acid, (11 ;i (() 11'0011. It 
is also generally true that the tannins of the first of these 
classes (pyrogallol tannins) give a blue colour with ferric alum, 
whilst those of the second class (pyrocateehol tannins) yield a 
green colour with the same reagent, from the investigations 
of Trimble the further distinctions maybe drawn that (1) the 
pyrogallol tannins contain, on the average. '>2 per cent, of carbon 
and 3 percent, of hydrogen, and give no precipitate with bromine 
water; and (2) tin* pyrocateehol tannins contain, on the average, 
GO per cent, of carbon and f> per cent, of hydrogen, and give a 
yellow precipitate with bromine water. 

A practical distinction, known to the tanner, between the two 
classes of tannins, is that the tanstuffs containing the pyrogallol 
tannins yield a “bloom” op the leather, which is a«whitish 
deposit of tin* so-called ellagic aeulj O l t H 0 O 8 ; whilst the tan- 
stulls containing the pyrocateehol tannins deposit a red colouring 
matter in and on the leather; this^consists chemically of the 

* Wagnor classified tannins into pathological an^l physiological tannins. 
The former class includes all tannins which arc the result of morbid meta¬ 
llic changes in the pliant—e.'/., the tannin produced in the formation of 
nut galls, which result from injury to the plant. The physiological tan nins 
are normal products of tins metabolism of the plant, such as the tannin of 
oak hark. Since a marketable leather cannot bo produced from the use of 
galls by themselves as a tanning material, it was formerly held that the 
physiological tannins could alone tan hide. Tt is now agreed, however, 
that this incapacity on the part of galls is duo to the absence of other 
soluble constituents which occur* n oak bark, and not to any^peciiic property 
of oak tannin not pos&ssed*by gall tan niff. 
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substances known as phlobaphenes (oak reds), the constitution 
of which is not understood. Both ellagie acid and phlobaphenes 
can be obtained by heating the respective tannins with dilute 
acids, and they appear to partake of the character of anhydrides. 

The tanner is only concerned with those constituents of the 
tanstuff which are soluble in water; these aro very numerous, 
but may be classified as tannins, sugars, starch, gums, resins and 
a small quantity of soluble mineral matter. The tannins are, 
of course, the most important constituents of the material, hut 
it has recently been shown that the other constituents, or at, all 
events the sugars and starch, are by no means valueless in the 
tanning process. In the analysis of tanning materials it, is not 
possible to differentiate one tannin from another : consequently 
the same material may, and probably does, contain more than 
on® tannin, although in most either the pyrogallol or pyro- 
catechol tannins largely preponderate. 

The commoner tanstuffs may here he mentioned. 

Oak Bark.—In Europe the bark of Qurrcus rohnr , the common 
English oak. is most highly esteemed ; the Q. (rrrvt of Turkey 
and the chestnut oak ( Q. cnxtanm) of America are also prized 
for their bark. The bark is collected before it becomes corky, 
which generally happens soon after the tree has reached the 
age of 15 years; May and June are said to be tin; best months 
for collection. The percentage of tarmin in the dry bark varies 
from 10 to 16, decreasing with the age of the bark, and being 
higher in those trees which are grown on poor dry soil than in 
those grown in a damp and fertile country. Tins low content 
of tannin makes oak hark a very slow tanning material when it 
is used in the customary manner; the leather produced, how¬ 
ever, is of the highest quality, though not of the greatest weight. 
The tannins of oak bark yield both blooms and reds. 

Myrobalans.—This material is the fruit of TnmrimlUi 
and is imported chielly from India. The better, light coloured 
fruit consists of about 67 per cent, of rind and 33 per cent, of 
stone f the rind contains some 42 # per cent, of tannin, wlylst, the 
stone contains 2-5 per cenf, the average for the whole fruit being 
about 30 per cent, (on the air-dried material, eoutfuning 13 per 
cent, of moisture). It is rjot profitable to separate Urn stones, al¬ 
though they are hard to grind ; the whole fruit may be profitably 
extracted by boiling water. The tannins in myrobalans appeal 1 
to consist almost entirely of pyrogallol tannins, galJotannic acid 
being present; consequently the mateiial blooms well. It gives 
a greenish-yellow colour to the er a porous tannage, so 
that it is not*used alou#> but may be advantageously employed 
with materials,. ..eh as hemf ck, whieh'/ield a dark roller; it 
is much used with oak»bark, and valonia. , 

Valonia, a% imported into this country, consist* of the cups of 
the acorns from Quercus axjylops, whitth glows in the Levant. 
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The cups are covered with a “beard" (trilloj which is much 
richer in tannin than is the cup itself, and frequently becomes 
separated during the handling of the sample. The acorns are 
comparatively poor in tannin, and are not usually mixed with 
the valonia. Air-dried valonia (14*5 per cent, moisture) will 
contain about 30 per cent, of tannin ; the beard contains about 
45 per cent., the cups about 24 per cent., and the acorns about 
15 per cent. Valonia contains both pyrogallol and pyrocatechol 
tannins, yields more bloom than does oak bark and gives a 
darker and heavier but harder leather; it is generally used 
with oak bark. 

Sumach consists of the ground leaves of Rhus coriarict and is 
imported from the south of Europe. It contains when air dried 
(12 per cent, moisture) from 16 to 30 per cent, of tannin, which 
is almost entirely gallotannic acid. Sumach is unsuited* for 
heavy leather tanning, but may be used with other materials 
as a corrective of colour; its chief application is for tanning 
sheep and goat skins. 

Gambier or Terra Japonica is an extract prepared from the 
leaves and young shoots of TJncaria gambier, and is imported 
chiefly from Singapore. It is very similar to cutch or catechu, 
an extract from Acacia catechu , which, however, is used mainly by 
tho dyer (p. 347). Gambier occurs in the market both as “ block 
gambier" and “cube gambier”; the latter is the better. The 
one-inch cubes contain about 40 per cent, of tannin, and should 
show crystals of pyrocatechol when broken. Gambier tans very 
rapidly, but produces a very spongy leather; in conjunction 
with other materials it furnishes a good kip tannage. 

Divi-divi is the seed pods of Ccesalpinia coriaria. When air 
dried (13*5 per cent, of moisture) it contains 30 to 50 per cent, 
of tannin. Ft would bo one of the best heavy-leather tanning 
agents, were it not liable to fermentation and consequent 
damage of the goods. 

Hemlock bark is from Abies canadensis and is the principal 
tanning material of the Unitpd States, where the tree & indi¬ 
genous. It comes into this country chiefly as an extract. The 
air-dried bark (14*5 per cent, moisture) contains about 12 per 
cent, of tannin, of which about half is aoluble in cold water. The 
tannin gives a very large proportion of “reds” so that the 
leather is heavy, but of too red a colour to sifit tjie trade in this 
country. < 

Mimosa, or wattle ljark, is from various Mimosece, or acacias, 
indigenous in Australia whpfe the bark is the staple tanning 
mateiial. The air-dried bark (14*5 percent, moisture) contains 
20 to (0 per cent, pyrcfcatechol tannins; it yields a heavy and 
firm, bv.t dark leather. In small proportion, however, it corrects 
the colour givefi by valonia. * 1 

Quebracho is from several hardwood«South American trees. 
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Tu its air-dry condition (14-5 per cent, moisture) it yields lf> to 
25 per cent, of tannins, which have a bright red colour, h. is 
chiefly used for making extracts. 

Algarobilla consists of the fruit of Cmalpinia brc.rl;'„/la, and 
contains, when air-dried (13-5 per cent, moisture), up to 52 per¬ 
cent. of tannins, resembling those of myrobalans. 

Canaigre may be mentioned as a new tanstuff, from the intro¬ 
duction of which much has been promised. It is the “ root ” 
of Jlmmx Jn/iwnosrpalurn, a wild plant of New Mexico and 
Arizona, and contains about 15 per cent, of mosturo and 20 to 
40 per cent, of tannins, which impart a bright yellowish-orange 
colour to t he leather, and belong to the pyrocateehol class. Oan- 
aigre is said to form a soft, strong leather, and to be valuable as 
a corrective of colour when used in conjunction with other 
manuals. It may replace gambier. 

The organic substances which can be extracted from a tan- 
itulfby water, are conveniently classified into tannins and non¬ 
tannins. The proportion of either, and of each to the other, 
which is extracted, depends on tin* duration, and, to some extent, 
on the method of extraction. Thus, it lias been shown that 
nearly all the tannins can bo extracted by a low hours’ digestion 
with water, and ihat a prolonged treatment deteriorates the 
liquor by rendering more of the non-tannins soluble than would 
otherwise be attacked; it lias also been shown that the propor¬ 
tion of water used has but little effect on the proportion of non¬ 
tannins extracted, a fact which indicates that prolonged digestion 
brings about the hydrolysis and, pari passu, the dissolution of 
matters which would otherwise remain undissolved. It must bo 
remarked, however, that a certain proportion of non-tannin is 
desirable, indeed essential, in a tan liquor, if good leather is to 
be produced. Tl\e reason of this appears to be, that the pre¬ 
sence of organic acids in the tanpit is conducive to the formation 
of a full and solid leather, and that such acids, generally lactic 
and acetic, are generated by the fermentation of sugars, or allied 
compounds, in the liquors. If this favourable influence qf acids 
be admitted, the percental of substances in the tanstuff which 
are convertible into acids must he of importance. The table 
on p. 402 shows the average ratio of acid-yielding substances 
(compounds capable of reducing Fehling solution*) to tannin, 
present in the materials quoted in the above list. 

It seems that'those tanstufls which serve } for the production 
of full leather contain the highest ratio of acid-yielding sub¬ 
stances to 100 of tannin. * 

It is stott-d toy Villon tfiat for tl!e production of a good yield 
of soft heavy leather the hide should absa/b from the liquof both 
tannin and non-tannin , and that that leather is the best # which 
absorbs non-Jannin and tannin in the ratio of 15 — 20 : 100, a 
* An alkaline solution of eupfic taHrate. 


26 
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result most easily effected when this ratio between these sub¬ 
stances also obtains in the tanning liquor. The same chemist 
draws a distinction between assimilable non-tannins and those 
which are not assimilable, but resinoid in character; the smaller 
the proportion of the latter the better, and the inferior quality 
of many extracts is referable to the fact that this proportion 
is increased by the action of hot water, and bv subsequent 
evaporation. 

j In Air ilrii-l Miiti-riiiI. 

: j j Mean ('•ni'.i-iit Ratio of 

I 1 Menu Coll toil | <«f A.-i.i- Ariit-yicHiuK 

' ol Tannin. : jii'i'ling SUM mux* 




Substances. 

to 100 Tannin. 

)> 

Oak bark (young), . 

Per cent. 

10-10 

Pe>- cent. 

2 05 

20-2 

Myrobalans, 

30 00 

5-35 

17-8 

Valonia, .... 

28 80 

2-09 

9-3 

Sumach, .... 

28 00 

4-53 

10*2 

Gambier, . . * . 

47-18 

1-85 

3-9 

Divi-divi, .... 

41 o0 

8-39 

20-2 

Hemlock bark, . 

12 32 

0-71 

5 "7 

Mimosa bark, . 

32-00 

0 91 

2-8 

Quebracho wood, 

22 00 

0-25 

1-1 

Algarobilla, 

Canaigre, .... 

43-00 

8-23 

191 

3000 

0-24 

20-8 


The preparation of a tanning liquor is generally accomplished 
in the tan-yard; the manufacture of “extracts” at a factory 
devoted to the purpose has extended of late, but these are used 
mainly as a supplement to the liquor made in the yard. For 
the successful extraction of a tanstuff this must be finely 
shredded, and the leaching must be systematic. The ground 
material is generally extracted in sunken pits (leaches, latches, 
taps) with false bottoms, and*capablp of holding some 5b cwts., 
the fresh bark meeting the most concentrated liquor; the water 
usually flows from the bottom of one tap to the top of the next. 
Extraction with hot water is not vei'y general, though, if it were 
more widely adopted less tannin would be burnt with the spent 
tan than is now tfye case: it is necessary Co remark, however, 
that the temperature best suited for the material to be exhausted 
should be first ascertained, for a temperature suitable for one 
bark may cause the cthiver^on of tapnin into \nsoluble anhy¬ 
drides in another. Moreover, the observations made above 
must* be borne in mind. Gambier is best extracted cold, whilst 
for niimosa hpt water is absolutely necessary. The following 
table, which Ogives th^ best temperatures for extracting the 
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various tanning materials, is compiled from Philip’s, and Parker 
and Procter’s, work on the subject:— 


Degrees 0. Degm-s F. 


Oak bark, ♦ 

. SO 

to 

90 = 

170 to 194 

Pine hark, 

. so 

,, 

90 

170 

194 

Mimosa bark, 

. 70 

,, 

SO - 

15s 

170 

VaIonia, . 

. IK) 


70 - 

10) 

158 

Mvrobalan, 

. 00 

,, 

100 - 

191 

*2 1 - 

Sumach, . 

. r>o 


t;o ; 

|.M 

140 

Quebracho wood,. 

. SO 

,, 

90 

170 

194 

t 'anaigre, . 

. 40 

,, 

50 - 

104 

1 22 

Divi divi,. 

. 50 

,, 

00 

Ill- 

140 

Algarobilla, 

- -0 

,, 

:;o 

OS 

SO 

(•amiticr, . 

. SO 

,, 

90 

176 

191 


gpent tan is generally used for sterna raising in the tannery. 
For firing ordinary boilers it is passed between rollers to express 
most of the water, but in dee}) grates (equivalent in action to 
producers) it may be burnt whilst wet, with the aid of a little 
coal. Treppenrost grates (step grafps, Vol, I.j art* also used. 

Extracts are generally made with water near the boiling point.; 
it is, however, desirable that the temperature should be as low 
as possible, compatible with complete exhaustion, and the • ■xclu- 
sion of air from the extractor is advisable. Subsequent coneeu 
tration to a syrup or solid should be conducted in vacuum pans 
(]). 185). Since many of the materials which are cheap enough 
for the manufacture of extracts part with a large amount of 
colouring matter to water, means have been devised to decolorise 
the extracts of these materials to render them capable of yield¬ 
ing a lighter coloured leather. The addition of a lit lie blood, 
and then raising the temperature of the liquor, whereby tannin 
albuminate is precipitated, carrying down the colouring mailer, 
is practised. This method, in common with others, has the ob¬ 
jection that it causes a loss of tannin. In dissolving extracts 
for use as tanning liquors, it is necessary to use water at, 
approximately the same temperature as that at. which the 
original extraction was elite ted. # 

The following table illustrates the composition of tin* chief 
extracts in common use, but the various brands differ greatly in 
content of water :— 
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4. 

J^on- 
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5 

I 

Chestnut frood »act 


tr -73 

20-49 

»x0-43 
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Hemlock bark ,, 


50*00 

31-00 




4-42 

Oakwood j ,, 


59’CJ 

96-S2 

11-72 

1$2 

0-B4 

21)9 

Quebracho wood ,, 

(solid) 

16-72 

73-99 

»-?7 

' 17 

1 -15 

1-04 

„ „ 


46-00 

h 40‘90 

5-oa 

0-70 

2-23 

0 90 
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Extracts arc not unfrequently adulterated with molasses. [n 
dealing with both liquor and extracts their liability to lerinent> 
ation and oxidation must be borne in mind. 

With regard to the mineral salts and the oils used in tanning 
it will suffice to say here that for mineral tannage, alum, salt, 
bichromate, copperas, chrome alum, and a few other chromium 
and iron salts are used, whilst for oil tannage oils belonging to 
the fish-oil group, especially cod and whale oils, arc applied. 

PREPARATORY PROCESSES.—Before'the hide or skin 
is tanned it is always submitted to certain preliminary treatment, 
having for its objeet the production of a pelt which shall he clean, 
free from hair, soft and supple in the case of skins for light 
leather, and veil distend'd in the case of hides for heavy leather. 

(1) Cleansing and Softening. Market hides and skins -that 
is, such as have been sold to the tanner within a few h> .irs 
of their removal from the animal --only require washing, to 
remove blood and dirt, hefiwo they are unhaired. Since no kind 
of water can bo said to be free from a solvent action on hide 
fibre, it is obvious lhat a prolongation of the washing will re-ult 
in loss of weight to the hide. In the c:w* of salted goods the 
washing must be iimiv thorough, to ensure the removal of salt, 
for the presence of this substance in the pelt will not only delay 
the unhairing process and prevent the proper “plumping" of ilm 
hide, but will give rise to the species of efflorescence known as 
“spueing” and to damaged grain in the finished leather. 

\ Inasmuch as salt has a very considerable solvent action on 
hide fibre (p. 391), that which is washed from the salted goods 
should not be allowed to accumulate in the washing pit. Actual 
soaking of the hide for the purpose of bringing it back to its 
natural, soft condition is only necessary in the case of dried hides. 
The rapidity with which the soaks will effect this object depends 
on (1) the temperature at which the hide was dried, (2) the tem¬ 
perature of the soak, and (3) the age of the soak. Goods dried 
at an English summer temperature will sufficiently soften in a 
few days, whereas heavy South American dried hides mSy take 
two or three-weeks. That the temperature of the soak should 
have an influence on the duration of the process is obvious when 
it is remembered that the softening' action is a solvent one; 
uniformity of temperature in the soaks is much to be recom¬ 
mended, deep well water being in this respect preferable to river 
water. The age of ’the soak and its temperature will determine 
the extent to which putrefaction of the dissolved bide substance 
will progress, and pari passu the alkalinity (due t<j ammonia and 
amines) of the water. It is found that soaks which are swarm¬ 
ing wftth micro-organisms will soften hides very rapidly, but the 
dangeT that the micro-organisms will attack the hide substance 
too vigorously renders such putrid soaks unsafe. 0 

The formation of thin places in the tide—sometimes amount- 
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ing to pinholes (so-called “ lime-speeks ”) in the thinner skins — 
damage to the grain (inducing it to “friz/.” or roughen), and 
stains (caused by the development of pigmentary matters'' are 
frequently due to the action of micro-organisms in the soaks ; 
such injuries may to some extent be avoidetl, and the advantage 
of the rapidity induced by micro-organisms be retained, by con¬ 
stantly “ handling ’’ the hides—i.e., drawing them from and re¬ 
placing them in the pit—and thus preventing settlement of the 
organisms in patches on the hides. The introduction of anti¬ 
septics to prevent excessive putrefaction in soaks is practised; 
that most generally used is salt, which, however, lias the 
objections already indicated. A large number of other anti¬ 
septics, such as borax and carbolic acid, arc also in uso to a 
limited extent. 

#’o complete the softening of dried hides they must, when 
soft enough to he bent without cracking, be submitted to the 
“breaking” action of a machine called the “stocks.” This 
consists of two mallets which are alternately raised by cams 
and allowed to fall on to the bides in a wooden box. 

(2) Unhairing.—It was stated on p. 38!) that, the hair is an 
appendage of the epidermis; in order that it may be removed 
the epidermis must be thoroughly softened, whereupon it is 
possible to scrape Ihe hair, and with it the rest of the epidermis 
tissue, from the hide. Almost any alkaline substance will < licet 
the necessary softening, but that generally used in this country 
is lime. In America and on the Continent it is customary to 
submit the skins to a process known as sweating, which consists 
in exposing them to conditions favourable to incipient putre¬ 
faction, whereby the epidermis is loosened, the action being 
aided by the alkalinity of the ammonia produced during the 
process. Other 'depilatories largely used are the sulphides of 
sodium and calcium. Caustic alkalies and their carbonates also 
find application. 

Liming not only effects the loosening of the epidermis, but 
convA'ts the fat. of the l^ide inio a lime, soap, which is more 
easily removed by subsequently scraping the hide, than the 
crease, itself would be. At the same time, the sdfvent action of 
the lime on the hide prepuces a separation of the fibres, which 
faakes the pelt thicker, and is advantageous in the manufacture 
of heavy leather, Swing to the fact that hide plumped in this 
manner will take up a larger percentage of* tannin, and produce 
a heavier and firmer leather When the t hide is seated, it has 
t, e plumpejl either bv lime or g. dilute acid (which is equally 
effective), after the removal of the lmr. For light leather 
plumping is not desiralle, since suppleness iB the great desider¬ 
atum ; but liming is done the h ss a useful method of uniiairing 
light skins,^for the sake of the removal of grease* It is becoming 
customary now, however, to degrease "wit(I volatile solvents, in 
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some such continuous apparatus as is used for extracting oils 
(see Vol. II., p. 246); the perfect neutrality of tho solvent 
enables such a process to be used at almost any stage of the 
manufacture of the leather; thus the method is being substi¬ 
tuted for the use of hydraulic pressures bv which the grease was 
formerly expressed. 

Tho process of liming is conducted in pits, each of which is 
generally large enough to hold a 50 hide pack. For light skins 
about h lb. of quicklime per skin, and for heavy hides from 2 to 
4 lbs. per hide, are common proportions; but these amounts are 
probably wastel'ully in excess. The lime is best slaked before it 
is put into the pit. A number of pits, commonly three, is 
worked systematically, the fresh hides going into the nearly 
spent limes; the process lasts from 4 to 12 days, and tin* hides 
are frequently handled in order that the pit may be “ plunged ” 
to agitate its contents, and bring fresh lime into contact with 
the water (a cubic foot of water dissolves nearly 1^ ozs. of 
lime). The solvent action of the lime on the hide speedily 
causes the liquor to become sufficiently rich in organic matter 
to form a nidus for bacteria, so that old limes are apt to be 
putrid, and on that account dangerous, as liable to cause the 
leather to be thin; much ammonia is present in old limes. 
Warming the limes to about 90° F. = 32° 0., is found to 
expedite greatly the unhairing process, but the plumping action 
of the lime is thereby much diminished. It is an American 
practice to use a very sharp ( i.e ., new) lime for three or four 
hours, and then to transfer the skins to water at about 
110° JB*. = 43° C., to complete the loosening of the hair. 

Arsenic sulphide (red or yellow arsenic; rusma ), As 2 S 3 , or As 0 S.„ 
is frequently added to the limes to the extent of some 10 per 
cent, of the weight of the lime. The sulphur forms a sulphide 
(or sulpharsenite) with the lime, and this, like all soluble sul¬ 
phides, is a rapid depilatory; it is claimed that the arsenious 
acid (calcium arsenite) acts specifically and as an antiseptic; the 
improving effect of white arsenic on skin has been asserted in 
other connections. 

The use of 'Odium sulphide as a depilatory, particularly for 
light skins, is extending. It is generally employed in conjunc¬ 
tion with lime; thus, a solution containing 4 to 5 lbs. of sodium 
sulphide per gallon of water may be made into, a paste with lime 
and spread on the hair side of the skin, which may then be 
folded and left for a few hours, by which time the hair can be 
brushed off, for the action of the sulphide is much more drastic 
than that of lime. Immersion in a solution of the sulphide, 
containing | to 1 lb. per hide, is also practised; it is very 
difficult^ however, to wash out the sulphidp completely. 

Sheep skins a^e unhaired by being plastered with .lime on the 
flesh side, and then placed, wool to wool, in heaps ; after a short 
time it becomes possible to pull the wool from the skin. 
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Sweating is effected by suspending the hides or skins in a 
room—the sweating pit—which is either underground, or com 
pletely covered with earth to ensure a constant temperature of 
60° to 70° F., = 15° to 21° C. The atmosphere in the room must 
be kept saturated with moisture, to which end steam must be 
admitted in winter, and in summer cold water must be sprayed 
in. In from three to seven days—during which time the hid-s 
have been repeatedly reversed, in order that the more rapid action 
in the upper, and, therefore, wanner part of the room, may affect, 
all parts of the hides alike—the hair will be sufficiently loosen, d. 

By whatever means the epidermis tissue, and hair have be. n 
loosened, they are actually removed by scraping with a blunt 
knife. Hides for sole leather are then trimmed or “ rounded,” 
the portions which covered the belly, cheeks and shoulders of 
th%animal being removed and tanned apart from the “butt,” as 
the portion which covered the back and sides of the animal is 
called. The butt is the most valuable portion, since, on account 
of its greater thickness, it yields a heavier leather than dors tlm 
“offal” (bellies, cheeks and shoulders). The trimmed hid" is 
washed in water for a day, to remove the greater part of iln* 
lime which it still contains. It will bo obvious that for thU 
purpose water as free from chalk as possible should be used. 
The butts are now ready for the tanpits, except that they some 
times receive a scraping (scudding) on the grain side with a blunt 
knife, to remove any remaining epidermis and lime soaps. 

(3) Softening Processes.— For leather that is to be soft and 
supple the plumpness produced during the liming process imi-a 
•be counteracted before the skin is tanned ; it is customary, there¬ 
fore, to submit all skins which are not destined for sole leather 
to some process capable of causing them to “ fall ”—that is, to 
become thoroughly soft. It was originally observed that the 
desired effect could be obtained by immersing the skins in some 
liquid which had become putrid, and thus the custom has arisen 
of using a liquid which is easily capable of undergoing a putre¬ 
factive fermentation. An infusion of dogs' dung or birds' dung 
fulfils this condition, and fias long been used under the name of 
a “bate” or “puer,” the process being termed “bating” Since 
such an infusion is always alkaline, it is not so well fitted for 
the removal of lime as an acid liquor would be; hence, for the 
lightest leathers the treatment in the bate is followed by immer¬ 
sion in an infusion of bran, which is undergoing lactic ferment¬ 
ation ; this process is known a-'; the “ bran drench.” 

The heavier of the light leather skirts are generally bated 
with pigeons’^Iung, the Wath contftminjf about l peck of dung to 
30 hides;' and the process Lsling for seme three or fou.’ days, 
according to the prevailing temoeratuie. This bate is reputed 
to be sharper in its action than the dog-dun^ bate, which is 
generally 'employed for lighter skint.. 4/Vith regard to the 
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rationale of the bating process, what was said concerning the 
action of bacteria in putrid soaks will apply; there can be little 
doubt that the feeding of micro-organisms on the hide substance 
produces the beneficial effect. It must be remembered, however, 
that dung will contain unorganised ferments, such as trypsin 
and pepsin; it has been found that these will cause a skin to 
fall, even in presence of antiseptics, although the leather pro¬ 
duced from such skins is not so good as that from bated skins. 
The action of soluble ammonium salts—which are always present 
in the hate—as solvents for lime must also be included among 
the influences of the process. Whatever the chemistry of the 
bate may be, the operation is objectionable both on account of 
its offensive character and of its uncertain action. This uncer¬ 
tainty is probably due to the dependence of microscopic life on 
temperature; it is well known that in warm weather, particularly 
when a sudden rise of temperature occurs, as in thundery 
weather, the action of the bate will become so much enhanced 
that the skins will bo speedily riddled witli holes. Constant 
agitation of the skins in a bate, to prevent local action, is essen¬ 
tial ; to promote rapid action the bates are sometimes warmed 
to 30® to 40° C. = 86° to 104° F. 

Attempts have been made to substitute acids (for the most 
part feeble organic acids, such as naphthalenesulphonic acid, 
cresotinic acid, &c.) for the bate; these, however, can only act 
as lime solvents. It is claimed that glucose has been successfully 
used; if so, its elfects are probably due to the fact that the com¬ 
mercial article can supply nutriment for bacterial life. A bath 
of dilute mineral acid (free from iron), followed by the bran 
drench, appears to be actually in use iu some tanneries as a 
substitute for bating. An artificial puer, termed “ erodin,” has 
lately been used successfully instead of dog’s dung. It consists 
of a solid nutrient medium and a pure culture of “Bacillus 
er 'dicus” For every 100 parts of wet skin 1 part of solid 
erodin is dissolved in 50 parts of water, the solution heated by 
steam tjo 40° 0. (104° F.), and the pure culture added; one 
culture is used for every 11 lbs. of solid erodin. The tempera¬ 
te re during tne puering must not be allowed to fall below 
25° C. (87° F.). 

The bran drench is intended for the completion of the soften¬ 
ing of such skins as have been imperfectly softened by the bate, 
and is more commonly used for the lightest skins. It consists 
of an infusion of bran in about 200 times its weight of water at 
30° to 35° C. = 86° to 9b° v F. „The starch of the br^ is speedily 
converted into glucose and dextrin by an unorganised ^ferment 
in the jiran, and the gltcose undergoes a fermentation similar 
to, but $iot identical with, the lactic ferrfientation (see Minor 
C/iemical Manufactures, Vol. II., p. 444), and resulting in the 
production of lactic, Ifontfic, acetic andebutyric acids. It is 
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desirable that butyric acid fermentation should not occur since 
the solvent action of this acid on the skin is considerable. The 
gases evolved (chiefly hydrogen) during the fermentation serve 
to distend the skins and render their contact with the liquid 
more perfect. The following figures (J. T. Wood) show the 
quantities of acid likely to be produced, in grams per litre:— 
Formic acid, 0*0306 ; acetic acid, 0*2402 ; butyric acid, 0*0134 ; 
lactic acid, 0 7907. An artificial mixture in these proportions 
has been found successful. 

The time during which the skins are in the drench depends 
on the amount of previous bating which they have received. 

One effect of bating and drenching is the removal of lime 
absorbed by the skin in the process of unhairing. This is more 
effectively accomplished hv using a comparatively feeble acid, 
su«h as lactic or formic acid. The former is now much used in 
a. 0-2 per cent, solution; it should be free from iron, butyric 
acid and mineral acids. 

TANNING PROCESSES.—(1) Tanning with Tanstuffs.— 

The varieties of vegetable tanned leather are so numerous that a 
description of the system used for each cannot be here given, 
the more so as the chemical principles involved are the same 
for many.. It will suffice to consider the systems in use for 
(a; leather for soles, ib) leather for dressing, (c) leather for dyeing. 

(a) Leather for Soles.—For this kind of leather a process 
must be adopted which will produce the greatest possible 
solidity, combined with sufficient flexibility to prevent cracking. 
To the tanner it is advantageous that the maximum weight 
should he produced, and for the purchaser also, the weight per 
unit of .area is a criterion of solidity. Hence the tannage for 
sole leather is conducted with materials which impart the maxi¬ 
mum weight—by yielding certain proportions of other matters 
besides tannin to the hide—and in such a manner that the hide 
shall be tanned throughout, in order to effect this thorough 
tannage, it is essential that the hide should not be immersed in 
a liquor comparatively rich in tannin, until such time jp it, has 
become already slightly Iftined. Jest by the rapid tannage of the 
surface, the fibres should he so swollen that entr/of tannin into 
the interior he hindem^. It may be said that when once a 
partial tanning has occurred, the completion of the process will 
be the more raokKhe richer the liquor (within limits) in tannin. 
When oak bark is the sole material employed as a source of 
tannin, the liquors can neve he made strong enough by the 
method of leaching adopted (p. 402) to produce a rapid tannage. 
Consequently until comparatively recently, when valonia, royro- 
balans, Ac., were introduced, the tanking process was # a very 
lengthy one, lasting even as long as two years. With regard to 
the use of stuffs which yield liquors rich ii* tannin, it must 
be remembered that, jnasmuch as c&reldbs tanning with oak 
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bark could originally bo detected by the bad colour of the 
leather, the tanner is now somewhat hampered by the necessity 
for producing a leather which shall have a colour approaching 
that of good oak-bark tannage. In English practice, the butts 
aie first suspended in pits (suspenders) containing nearly spent 
liquors, which have served either in the handlers or layers 
(see below); they should he agitated by some mechanical rocker 
while completely immersed in the liquor. Several suspenders 
are generally used, and are worked systematically. The object 
of this process is, technically, to strike the colour of the leather, 
and, actually, to effect the partial tanning, to which reference 1ms 
already been made; the attainment of this object depends very 
largely on the degree of acidity which the liquors possess. The 
function of the acid will bo understood from the following 
considerations. 

It is only possible to produce thick leather when the hide has 
been properly plumped— i.e., so swollen that the entrance of the 
tannin can he effected easily. A hide may he either alkali- 
plumped or acid-plumped, the former being the case when it 
has been limed. As might bo expected, the entrance of lannin, 
itself an acid-like compound, into an alkali-plumped hide is more 
rapid than into one which is acid-plumped. If there be no acid 
in the suspender, the hide being alkali-plumped, tannage will 
take place very rapidly; but owing to the tendency of com¬ 
binations of iime with tannins to darken by oxidation, the 
colour of the leather produced will bo bad. If there be sufficient 
acid to neutralise the lime left in the hide, but not more than 
this, the hide will fall, and plump leather will not be produced. 
A third possibility is that there should be enough acid in the 
liquor to dissolve all the lime from the hide, and to substitute 
an acid-plumped for an alkali-plumped condition; in this case 
the tannage will be slow— i.e., the striking of the colour will 
take long—but this colour when produced will be good. For 
the production of the best leather, then, the acidity of the 
suspender liquors must he considerable, the more so a ( <* the 
hide tends to fall pari passu with the entrance of tannin, at all 
events during the early stages of tanning. 

The acids present in these liquors are such as result from the 
fermentation of sundry of the soluble 1 bark constituents in thq 
earlier stages of the tanning. They are, of , course, vegetable 
acids, acetic, butyric^ and lactic acids being fcht chief. Their 
amount is, to a certain extent, under control, since the materials 
most liable to fermentation ( e.g ., myrobalans) may be used in the 
handlers. «• 

In American and German practice hides for sole leather are 
sweatee^. so that they have to be plumped with acid before 
tannage. Tn America, plump : ng with dilute vitriol is practised; 
the Germans prefer to ure a very acid liquor from the layers. 
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• It may be said that the German system of tanning is a “ sour ” 
one throughout, since even in the layers the liquor becomes 
highly acid owing to their degree of dilution and the dustiness 
of the material employed. A German suspender liquor, made 
from sour bark, was found to contain, in grains per 100 c.c.:— 
Tannin, 0*220; non-tannin, 0*910; total acid (as acetic acid), 
0*463; volatile acids (as acetic acid), 0*300; non-volatile acid 
(as acetic acid), 0*163; specitic gravity, 1*0059 (5*9° barkometer). 

From the suspenders the hides pass into the handlers; these arc 
pits in which the hides are laid tint, in a heap, and from which 
they are “ handled ” every day. The scries of handlers is worked 
systematically, the fresh liquor being run into the pit which 
is to receive the most fully tanned hides. It is advantageous to 
feed the hides in the handlers with rapidly tanning materials, 
siwh as gambier, hemlock extract, «fcc. After about a month 
lias been spent in the handlers, the pack of hides is moved on to 
the lirst layer; here it is allowed to remain in strong liquor with 
a layer of tanstuff (bark, myrobalans, valonia) between each 
hide, the whole being covered with hark, to exclude air. The 
time of laying away varies considerably, from one to six weeks 
for each layer being quoted as usual. The thickest hides require 
twelve months for thorough tannage, but an average of eight to 
ten months is now common. Owing to the fact that the strong! h 
of liquors is judged solely by an erroneous criterion, tin* spocilie 
gravity (generally quoted in degrees of the barkometer •• i.c., the 
last two figures of the true specific gravity, water being taken 
as 1000*), little is yet known as to the actual content of tannin 
requisite in the different layers. The last layer should contain 
the strongest obtainable liquor. In German practice a liquor 
containing more than 2 per cent, of tannin is seldom used. Up 
to 6 per cent, of tannin is common in English practice. 

Systems designed to hasten the tanning of sole leather have 
been from time to time brought forward. They fall under the 
following heads:—(1) Keeping the hides in continual motion in 
thettanpit; (2) circulating the tanning liquor continuously 
around the hides; (3) foftbng the liquor through the bides by 
pressure; (4) tanning with very strong extract^’; (5) passing a 
current of electricity through the liquor in which the hides are 
•kept in motion. The last of these has alone received attention 
from experts, and ■it appears to be established that by suspending 
hides on a rotating frame in a vat containing a strong (4*25 per 
cent, tannin) mimosa and g mbier liquor, and using a current 
density of from 0*375 to 1 ampere per ^juare foot of electrode 
(the electrodes being copper pldtes 6ft the sides of the vat), at 
a voltagb varying with the strength oi the liquor, it is possible 
to produce the same quality of leather in one-sixteentf of the 
time taken to produce it when*the hides ar$ at rest, and in 

* Thus, 15° barkometer indicates a liqubr of Specific gravity 1 015. 
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one-fourth of the time taken when the hides are in motion 
but when no electric current is passed. Lack of substanc, 
(‘•hungry leather”) generally characterises goods produced ly 
such rapid processes. 

(b) Leather for Dressing. • This class of leather is destined t> r 
the uppers of bools, for saddlery, bolls, and other purposes who*© 
a stoui but flexible leather is required ; it is generally curried %) r 
diessed, whence its name. Tin? bated hides are frequently shaved 
with a sharp knife to reduce their thickness (shaved hides) j 
sometimes this process is postponed until they have been par¬ 
tially tanned, when, however, the shillings are of no usoas glim. 
pieees (see Gelatine, Yol. 11., p. 420); sometimes thick hides arp 
split, after partial tanning, by a knife consisting of an endlcsfc 
steel band which travels like a driving belt., and works against* 
emery wheels to sharpen it. The tanning of dressing hides a jd' 
of East India kips is carried out. in a manner which is, to a 
certain extent, the eon verst 1 of that employed for sole leather, 
since it is not desired to make a iirm leather. Thus, the first 
treatment of the hated hides consists in handling them or 
“tumbling” them (in revolving casks) in a comparatively strong 
liquor devoid of acidity. The object, of this “grainini'” process 
is to tan the grain of the hide rapidly, and to cause it to shrink 
into a number of wrinkles. The degree of the shrinkage will 
depend on the strength of the liquor, (lambier is frequently the 
material used for graining. The completion of the tannage is 
ellceted similarly to that of sole leather, if a bark tannage is 
employed, the liquor being somewhat, weaker; but a much more 
rapid tannage is now obtained with valonia, mimosa, myrohalans 
and gam bier, the liquors being sometimes heated. It is customary 
to tumble the leather in sumach as a concluding process, to cor¬ 
rect the colour. The currving of the Leather is treated of under 
J-'ini shin‘j /Vmvwi s. 

('•) Leather for Dyeing.- Such vegetable tanned leather as is 
dyed is commonly known as morocco. Genuine morocco is 
made mpn goat skins, but there is now a large trade in “re ins” 
and “skivers.” The former are shee^ skins tanned whole, the 
latter art* the grain sides of sheep skins which have been split 
for making wash leather and white leather. Both are tanned 
with sumach which leaves them pah; enough for dyeing. \\ hen# 
dyed they are called morocco. Bazils arc dyed 1 with bark. Gout 
skins are bated, drenched and tanned in sumach, at first in tubs, 
in which they are agitated with paddles, and then in handlers. 
Sheepskins for roans are sewed into the form of bags into which 
the sumacli liquor is poured and through which .1 is allowed 
to dram, the operation being repeated two or three times. 
Skivers^fire merely paddled in sumach liquor. After drying for 
the dye-house, roans and skivers are said to be in kJu “crust’ 
state. 
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(2) Tanning with Mineral Salts. —The only mineral salts which 
have as yet been employed for tanning are alum, chromium salts 
and ferric salts.* It is noteworthy that these, salts contain very 
feebly basic oxides, of the type Ro0 3 ; the deposition of these 
oxides, in the form of basic salts, within the skin seems to con¬ 
stitute the tannage; the matter will receive further notice under 
Theory of Tanning. 

(a) Alum Tanning.— Alumf is never used alone, being always 
accompanied by salt. White leather, used for bottle coverings, 
<fcc., is made by tumbling sheep skin splits (i.e., the flesh sides) 
with a liquor containing about 4 per cent, of a mixture of alum 
with of its weight of salt. The leather is rung out, and 
slowly dried. Such leather readily becomes de-banned in water. 
Solutions containing basic salts of aluminium, obtained by dis¬ 
saving aluminium sulphate or alum in water and adding sodium 
carbonate gradually, are said to give good results, but are not 
much used. Salt may also he added to these solutions. 

In the tanning of kid, whether calf-kid or the true glove-kid, 
a process is adopted which may be regarded as a cross between 
alum tanning and oil tanning, and has received the distinctive 
name of tawing. In both cases particular care is taken to submit 
the skins to a thorough bating, drenching and scudding, since 
suppleness is very necessary, and, in the case of kid and lamb 
skins for gloves, tho limes are always sharpened with arsenic, 
this being mixed with the lime before the latter has had time 
to cool after slaking. The tannage, is effected by tumbling the 
skins in drums containing alum and salt, drying, and again 
tumbling in drums with a mixture of oil (generally olive), Hour 
and egg-yolk. The last named mixture appears to fill the inter- 
fibrillar spaces of the skin, imparting the necessary softness and 
elasticity. A final stretching (staking) over a blunt knifo fixed 
in a post, and, when necessary, shaving to reduce the thickness, 
finish the skins for the dye-house, unless a second 11 stuffing** 
with the egg-yolk mixture be deemed essential. 

(&} Chrome Tanning.—Chrome-tanned leather is used for 
glazed kid in the Unit*! Sta&s, for glove leathers, and as a 
substitute for calf-kid and chamois leather. Us use is rapidly 
extending at present. 

. There are two kinds of chrome tanning, the one-bath and the 
two-bath process.* in the latter, which is the older, tho skins 
(goat and sh£ep), unhaired and bated usual, are first im¬ 
mersed in a solution containing bichromate of potash and 
hydrochloric acid, the chromic acid absorbed being then re¬ 
duced to chtomic sail ^tnd fixei on the fibres by passing the 
skins through a oath of sodium hyposulphite (or sulpjiite), to 

* Titanium has reoenby been patent, id as a tanning agent. • 

t For aluiA is now often substituted aluminium sulphate, which, weight 
for weight, contains considerably more alutaina than alum does. 



414 


MANUFACTURE OF LFATHEll, GLUE AND SIZE. 

which hydrochloric acid is gradually added. The quantity of 
chromic acid taken up in the first hath depends chiefly on the 
quantity of hydrochloric acid present, which should consequently 
not he too great; an excess of the bichromate is not in jurious. 
Alter passing through the reducing bath, the skins are well 
washed with warm water, the subsequent treatment being the 
same as in the one-bath process. In the one-bath process, the 
skins are placed directly in a solution of a chromium salt, 
generally chrome alum or chromic chloride. If the latter is 
used, the addition of salt is advantageous, but the best results 
so far have been obtained by employing chrome alum, rendered 
basic by the addition of washing soda. A good solution is 
obtained by dissolving JO parts of chrome alum in 80 parts of 
warm water and gradually adding to 3J parts of washing 
soda dissolved in 10 parts of water. If 3 parts of sugar*or 
glucose, or a small quantity of a neutral tartrate or acetate be 
added, the results obtained are still better. After passing 
through such a solution, the skins should be allowed to lie in 
heaps for one or more days, during which the tannage com¬ 
pletes itself, after which they are washed with warm water. 

The subsequent stages are the same for both kinds of chrome 
tanning, and consist in first removing practically the whole of 
the acid combined with the chromic salt, and then dyeing and 
dressing the leather (see Finishing /Vocc.ss- .v). A small quantity 
of aeid must be left in the leat her, as chromic oxide alone is not 
capable of tanning, and consequently strong alkalies should not 
he used to remove the acid. A weak solution of borax (3 per 
cent, on the wet skins), or one of alkali silicate, appears to be 
tin* best for this purpose. The finishing is done by treatment 
with “fat-liquor,” an emulsion of castor oil soap and castor or 
olive oil; soft and curd soaps are also often used in conjunction 
with other oils, such as neatsfoot, cod, or degras. The dye used 
generally consists of an acid aniline colour, and may be applied 
before or after fat-liquoring, according to circumstances. 

(c) Iron Tanning.—'flic use qf ferric salts in conjunction with 
salt, as a substitute for alum and ’..‘silt, has frequently been 
suggested. The best resuits are obtained by the use of basic 
salts, such as ferric oxychloride, mp.de by dissolving ferric 
hydroxide in ferric chloride The patentee of one process 
suspends the hides from wooden frames and allows the ferric 
oxychloride and salt solution to flow down each side. Iron 
tanning is not yet practised to any extent. 

(d) Combined Mineral and Vegetable Tanning.—Some special 
kinds of leather, such as Dongola, are made by & combination 
of alum or chrome with vegetable tanning. According to the 
kind oh leather to be produced, the skin is first tanned with a 
mineral or vegetable substance, or with both together. Both 
alum and chrome salts lighten vegetable tannages considerably, 
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and produce a softer and tougher leather, whilst vegetable 
tannins themselves are much more firmly retained. Vegetable 
tanning agents, such as gambier and willow bark, are especially 
useful in conjunction with alum, with or without the use ol a 
lat-liquoring process. , 

(3) Tanning with Oils.—This consists in impregnating the skms 
with some easily oxidisable oil (most commonly cod oil or whale 
oil) and allowing them to heat, owing to oxidation of the oil, 
in heaps. In this way the skin is converted into an exceedingly 
soft leather, which readily absorbs water, but cannot be easily 
de-tanned by any agent. Such leathers are wash leather or 
chamois leather— the applications of which are well known 
and buffs, used for soldiers’ belting, Ac. 

For wash leather the fresh splits of sheepskins are used. 1 hey 
are* very thoroughly limed, fleshed, washed and bated with a 
bran drench. They are then submitted t. hydraulic pressure 
to remove water and grease, painted with cod oil ami stocked 
(p. 404) for two or three hours. After this preliminary stocking, 
the skins are hung up in a warm drying room, again sprinkled 
with oil and stocked. This series of operations is repeated five 
or six times in order to substitute completely oil for the wa.er 

in the skins. , . . . 

After the final stocking the leathers are thrown into hins, 
covered with sacking and allowed to heat, great care being 
necessary to prevent burning; during the boating much acrolein 
is evolved. Since only a portion of the oil lias been utilised by 
the hide, a process is necessary for removing the remainder 
which renders the leather greasy. For tills purpose the leather 
is submitted to hydraulic pressure, when a considerable quan¬ 
tity of semi-oxidised oil is expressed; this constitutes degraB 
(moilllon), valued as a currying agent. The remainder ol the oil 
is removed by a hath of alkali, which is afterwards neutralised 
with sulphuric acid to recover the fatty acids ; these constitute 
sod-oil, which is also used in currying, but is interior to degras 

for this purpose. , • . 

The leathers are finally stretched over a beam and scraped 
with a circular knife, having a central hole by )?ay of a handle. 
Sun bleaching, or bleaching with sulphur dioxide, and stretci- 
complete the manufacture. Shammy (chamois) leather is 
gafd to ho much •improved if frozen while moist. Huffs are 
made in a very similar manner, from Soutl* American calf skins, 
which have been shaved on ho h grain and flesh sides, and hated. 

It is stated above (ry. 389) that the complete desiccation of a 
skin will preserve it from outrltaction, .lthougli the product 
will not'he leather, since it will lack-pliability. Much dried 
skin is, however, prepared for parchment and veliurj. Jhe 
former is made from the flesh splits of sheep *ins. The skins 
are limed for two or tjjree weeks, fleshed ftnd split. I he splits 
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are again fleshed and are then tightly stretched in frames, 
scraped and washed with hot water. They are next painted 
over with a mud of chalk, which absorbs the remaining grease, 
again scraped and dried. 

For vellum, Swedish calfskins arc employed. They arc soaked 
in pul rid soaks for a week, worked on the beam, limed for three 
or four weeks, unhid red, washed and fleshed. iSkins from pie¬ 
bald animals will not servo for the best vellum, as they an? parti¬ 
coloured. The prepared skins are stretched in frames and treated 
as described for parchment.. 

FINISHING PROCESSES.—Xo leather is fit for the 
market in the condition in which it: leaves the tunhouse. in 
the ease of sole leather the finishing process is chiefly designed 
to give the leather a presentable appearance, the drying of tie* 
goods, which mu.'t take place in any ease, constituting the yul 
dillieulty in the finishing process. In tliecax; of lighter leather, 
the linal operations consist: in staling the goods with grease, 
so as to impart, iho necessary softness to the leather. 
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determination, on the basis tli.it the true hide substance contains 
17 8 per cent, of nitrogen. Leather is frequently adultcruled 
with glucose, soluble salts ami barytes. 

Market hides should yield about 5(5 per cent of their weight . 
of leather, green-salted hides about 75 per cent-., and firv hides 
about 150 per cent. 

(6) Currying. — Dressing leather is generally scoured l»'v a 
machine which moves brushes and stones (“sleekers over the 
leather. It is then stuffed, either by hand or in a tumbler, with 
tallow and oils. The oils preferred are such as readily emulsify 
with water, which may contain a little soap to improve the 
emulsion. Those generally used are castor, neatsfoot, cod-liver 
oil, whale oil, olive oil and sperm oil; the characteristic features of 
these have been dealt with in the section on oils (Vol. II., p. 2311). 
Degras (p. 415) is especially valued for currying, and owes its 
pr<j|)erty, according to Eitner, to a nitrogenous substance—the 
d6gras-former—which exists to a small extent in the cod oil used 
in chamoising, but to a greater extent in the degras itself; this 
substance is insoluble in petroleum ether, and should amount to 
at least 12 per cent, in degras containing 20 per cent, of water. 
Fahrion has denied the existence of a dfigras-former, and attributes 
the peculiar properties of degras to the presence of hydroxy fatty 
acids. The iodine absorption of genuine degras should be very 
similar to that of its parent cod oil. Many imitations are on the 
market. 

Russia leather is scented by dressing the flesh side with 
birch oil obtained by the destructive distillation of birch bark. 
Light leathers are generally blacked, if not dyed, by a mixture 
of lampblack and oil. Koans, skivers and kid are nearly 
always dyed. This is most commonly effected by means of 
dyewoods (p. 344), but synthetic colours are used to a con¬ 
siderable extent, particularly Bismarck brown.* Basic dyestuffs 
are readily fixed on the leather, since this is already mordanted 
with tannin ; it is difficult, however, to keep the dye-baths 
clear, on account of the precipitation of the dye by such tannin 
as is lemovable from the leather by water. To remedy t\iis, the 
leather should be first passed through a bath of tartar emetic to 
fix the tannin. In dyeing it is customary eitlfcr to fold the 
skins grain outwards and f immerse them in the dye-bath, or to 
brush the dye on to the leather as it lies on the table. To 
whiten leather it may be passed first through a hath of sugar of 
lead and then through dilute sulphuric aoiri, whereby lead sul¬ 
phate will be precipitated in tf leather. Artificial grain may 
be put on the leather either oy folding i£ and rolling it under 
a board, or ^mechanic?*! rollers bf stahips. 

* Most leathers are damaged by the higff temperaturo necoyary in 
alizarine dye-baths, but oaroine-tanned ' rather is sufficiently reactant to 
be dyed with nlizarine colours. 4 
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Japanned or enamelled leather (patent leather) is "lazed by 
being stretched and coated with a varnish of linseed oil, ground 
with some pigment, commonly lampblack ; this coat is dried by 
placing the leather, still stretched, in a stove at a temperature 
of 70 to 8U g 0. — 158° to 176° F., and another coat is applied, 
the operation being repeated until the desired thickness is ob¬ 
tained. A coating of a true black varnish imparts the final glaze. 

Theory of Tanning.—In attempting to account for the 
retention of a tanstulf by hide fibre, difficulties are met. with 
which recall those experienced in attempting to account for the 
retention of a dye by textile fibres (see p. 289), and just as there 
are those who support a “physical theory,” and those who 
support a “chemical theory "of dyeing, so chemists have long 
been divided into two camps concerning the physical or chemical 
nature of the tanning process. There is, however, a further diffi¬ 
culty in the way of formulating a theory of tanning, engende *cd 
by the fact that tins hide fibre is so far altered during the process 
that it is incapable of putrefaction, and, in the majority of cases, 
will not become gelatine when boiled with water. 

Knapp is of the opinion that the tanning process is only due to 
the coating of the hide fibres with the tanstuff, be this a tannin, 
a basic salt or an oil. In accordance with this view, he defines 
leather as hide in which the individual fibres are prevented from 
adhering together when dry. The definition certainly finds 
support when a study is made of aluined leather, a product which 
can be closely imitated by merely dehydrating the skin by 
absolute alcohol; in neither case is the “leather” permanent, 
for boiling water will convert it completely into gelatine. In 
the case of leather made with tannin, however, the matter is 
different; well-tanned sole leather will yield no gelatine when 
heated with water, nor can more than an inconsiderable per¬ 
centage of tannin be extracted from it bv water, or even by 
caustic soda solution. 

Attempts have been made to apply Witt’s solid solution 
theory of dyeing ip. 290) to the tanning of hide, and tin* classical 
silk-mrgenta-alcohol experiment (loc. cit) lias been quoted in 
support of this theory. It must be remarked, however, that the 
solvent which will behave to bark-tanned leather in a manner 
parallel to that in which the alcohol behaves to the magenta-dyed 
silk, has yet to be found. It has been stated by v. Schroedei* 
and Passler that hide cannot absorb more than its own weight 
of tannin (calculated 1 on the weight of the anhydrous hide), and 
it is supposed that this is a saturated solid solution of tannin in 
hide. According to former statements, upper leather is never 
completely tanned by bark, but depends for its complete conver¬ 
sion iqfo leather on a species of oil tannage imparted during the 
curryirg process. The assertion of Steiih. use that upper leather 
yields 25 per c *nt. of its weight of gelatine when'heated with 
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water, supports this view , but v. Schroeder lias given the 
following figures, which show that all properly tanned leather 
contains about the same proportion of tannin calculated on the 
content of pure hide substance in the hide :— 



100 Parts of Prepared 

100 Parts of Prepared Hide 


Hide Contain 

gi\o of Leather 


Water. 

Hide 

Substance. 

Mean. 

Poor 

Tannage. 

Maximum 

Tannage. 


Per cent. 

P<r cent. 




Sole leather, . 

71 


64 

r»r» 

75 

Strap leather (cowhides), 

75 

‘25 

57 

49 

07 

Dressing leather (kips, \ 


• K) 

r.o 


59 

horse hides), . . ) 


— 



Cal# leather, . 

Si 

19 

•ti 

35 

48 


The same chemist has shown that the amount of tannin which 
hide will absorb depends on the strength of the tanning liquor; 
this, he claims, could nut be the case were the process a chemical 
one. 


Tannin in j00 c.c. 

Tannin Absorbed l»y 100 Parts 
of Anhydrous Hide. 

Grains. 

Grains. 

17+ 

33 50 

2 til 

41S10 

4 35 

68-00 

b-71 

77 •00 


It was found that if the hide were placed in a stronger liquor 
than the last-named, it became so rapidly tanned on the outside 
that the liquor never penetrated to the inside. By introducing 
the hide into successively stronger liquors, as in the tanning 
process* 100 per cent, of tannin wap absorbed. • • 

Previewing the whole of t^e evidence above quoted, it must be 
admitted that Witt’s solid solution theory will ndl apply to the 
tanning of leather with tannin, and that in this case the exist¬ 
ence of a chemical compound of tannin with hide fibre must be 
conceded. In tjie case of mineral-tanned leather, where the 
whole of the tanstuff can be removed by -\fater, Witt’s theory 
may represent the true state of affairs. In oil tanning a similar 
dissolution of the oil in the fibre may occur* the oil subsequently 
becoming fixed*by oxidation, mnolAas intligo white is converted 
into indigo blue in the fibre. • 

II. GELATINE, GL TT E AND SIZE.-These are three differ¬ 
ent forms of 4he same material, and'are produce^ by the action 
of boiling water on collagen, the chemical individual, or indi- 
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viduals, of which hide fibre and the organic matter of bones 
(“osseine”) are composed. Gelatine and glue differ solely in the 
caro with which they are made, and therefore in the purity of 
the product; size is an impure gelatine put on to the market in 
the form of a jolly instead of that of a hard material. 

Gelatine is now generally made from hide fibre, whilst bones 
form the raw material for glue, although in some factories both 
are made from either raw material. 

The hide fibre used in the manufacture of gelatine is the waste 
cuttings of the tannery and skins that are not used for leather — 
c.(/., rabbit and dog skins which have been duly unhaired. The 
hide pieces are first well digested with dilute soda lye for some 
time in order to saponify completely the fat- contained in them, 
then washed with cold water and bleached by sulphurous acid. 
The next process is to convert the collagen into gelatine, and to 
strain the solution from the unattacked elastin, ifce. Several 
methods of doing this are. in vogue: the material may be placed 
on tile perforated false bottom of a kettle, into which water and 
steam aro admitted, or it may be heated with a little water in 
earthenware vessels contained in a steam chest, and t.lio solution 
of gelatine afterwards strained. It is sometimes customary to 
add a little albumin in tin? form of blood to tin? gelatino solution, 
in order that by its coagulation it may carry suspended matter 
to the surface in the form of a scum, which can he skimmed oil*. 
Whatever the plan for obtaining the solution of gelatine, it is 
desirable that this should be strong enough to set to a firm jelly 
on being run into the cooling troughs, since the subsequent 
heating to expel water impairs the gelatinising property of the 
product. Tho troughs are generally of such a shape that the 
blocks of gelatine may he directly sliced by wires into layers 
which are sufficiently, thin to dry at the most advantageous 
speed, for it is in this drying that the greatest difficulty of 
gelatine manufacture is experienced. The sheets are placed 
upon netting and exposed to a drying atmosphere in two rooms. 
Tho lirst of these must be heated by closed steam pipes to a 
temperature not exceeding 20 0. = f)8° R, lest the gelatino melt 
and run through the netting, or soften sufficiently to adhere 
strongly thereto. The air in this room must not he too dry, 
because if the sheets dry quickly at 1 this stage they curl ifp and 
crack. The second room generally has a current of sir forced 
through it, over thn wire nettings, by means of? an air propeller. 

Gelatino contains from 0-5 to 2 per cent, of ash ; the com¬ 
position of its organic matter has been given at p. 392. Good 
gelatine will gelatinise in > solution containing only 1 per 
cent.; but. samples wl/ich have been long heated or contain 
muel^chondrin (the substance into which cartilage is converted 
by treatment f similar to that which gelatine has undergone) 
will not gelatinise so well. Ohoudrin is precipitated from 
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aqueous solution by acetic acid. All tannins precipitate gelatine 
solution. 

Isinglass, used chiefly for clarifying wines, beer, ifcc., is ob¬ 
tained from the dried swimming bladder of various fishes; this 
membrane is washed, dried by exposure to air, and the inmost 
layer stripped off and further dried. Jt contains some 80 to 03 
per cent, of gelatine, up to 1*5 per cent, of ash, and a small pro¬ 
portion of insoluble matter. Much factitious isinglass is made 
from ordinary gelatine; it is, however, devoid of the true isin¬ 
glass structure. 

In making glue from bones, these are first stepped in hydro¬ 
chloric acid (about 10 per cent. IK-1,* until they are thoroughly 
soft, drained, washed and steamed in iron digesters at a pressure 
of 30 to 35 lbs. per square inch for three or four hours. The glue 
and*fatty matter are runoff from time io time into settling tanks 
kept hot enough to prevent gelntinisation ; hen? the fat rises 
and is skimmed oft’ (see Bone fat , Vol. II., p. 211), and any 
bleaching, such as with S0 2 , which may bo customary is effected. 
The glue is next filtered through sieves and boiled down bv 
closed steam until it is capable of becoming a firm.block when 
cold. This is cut up and dried as described for gelatine. The 
refuse in the digesters is sold as a manure material. 

Size is prepared similarly to gelatine, but generally from much 
rougher material. It is commonly sent into the market as a stiff 
jelly. 

Liquid glues are made by dissolving ordinary glue? in acids. 
These prevent the solution from gelatinising when cold, but do 
not deteriorate the adhesive power of the dried material. 

Such a liquid glue is made by dissolving 2 lbs. of glue in a 
quart of water and adding 7 ozs. of nitric acid (specific gravit y 
1*35). Acetic acid is also used. 

Two flat surfaces of wood, glued together, should withstand a 
shearing stress of 38 to 73 kilos, per square centimetre, and a 
tensile stress of 14 to 37 kilos, per square centimet re. 

Various glue substitutes are u.syd /is “ cements ” for chiaa, A'c. 
Solutions of casein in alkaline liquids, such as borax solution or 
soluble glass solution, are used for this purpose. 

,* The subsequent neutralisation of the acid with chalk precipitates a 
calcium phosphate containing IS to 20 percent, o; l’ a O»; it is used as a 
manure. • 
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OTIAPTER XVII. 

EXPLOSIVES AND MATCHES. 

J. EXPLOSIVES. Explosives are bodies which, under a suit¬ 
able stimulus, yield suddenly large volumes of gas and evolve 
heat. Nearly all endothermic compounds are capable of behav¬ 
ing as explosives under suitable conditions. Thus, hydrogen 
peroxide, an endothermic substance, will explode when heated 
to the boiling point of water, 

ll a 0 a = Ef a O -t- 0 + 21*5 Cal., 

that is. 3 [ grams (1 gram-moleculei of anhydrous hydrogen per¬ 
oxide evolves, by its decomposition into water and oxygen, 21T> 
kilogram units of heat. In actual practice, however, the heat 
of inter-eombinatiou of the elements constituting an explosive, 
provides tin; greater part, or the whole of the energy evolved by 
the explosive. Thus, the decomposition of mercuric fulminate 
into its elements, would he expressed by the equation— 

HgCoN a O a = Hg + C a + N a + O a + 629 Cal.; 

but the actual energy evolved by its explosion is much greater, 
owing to the fact that the carbon and oxygen combine to form 
CO, with liberation of heat. 

HgC a N a O a = 2C0 + N., + Hg + 114*5 Cal. 

It will be observed that, in both the cases quoted, the pro¬ 
ducts are gaseous at the temperature of explosion. Seeing that 
the volume of these gases is large Compared with the comparar 
tively dense substances generating them (H 2 0 2 , specific gravity 
1*45 ; HgC 2 N 2 0 2 , specific gravity 4*42), the pressure exerted by 
the gases is great if they be confined in a space previously com¬ 
pletely filled by the explosive from which they are derived. 

For practical purposes the effective pressure exerted by an 
explosive depends upon—(1) the volume of gas at normal tem¬ 
perature and pressure liberated per unit volume of explosive, 
(2) the temperature attained at the -moment oi explosion and 
the coefficients of expansion of the gases, (3) the degree of 
iruperi'dousness of the walls of the cavity,in which the explosion 
occurs, and the rapidity wiiii which the explosion^ takes place. 
When the thermal change accompanying an explosion and the 
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▼olume of gas are known, the total possible pressure can be calcu¬ 
lated for an explosion taking place in an impermeable vessel, with¬ 
in the limits of our knowledge of the physical properties of gases 
at high temperatures. The effective pressure has been directly 
measured by performing the explosion in a dosed vessel, which is 
either itself capableof permanent distortion (e.g., a cylinderof load), 
or communicates with pressure gauges, consisiing of plungers 
bearing upon lead cylinders, the deformation oi which serves its 
a measure of the pressure. A better method consists in firing 
the explosive from a pendulum mortar of known weight, and 
measuring the recoil produced. The difference between the 
calculated pressure and the effective pressure thus measured, 
depends largely on the rapidity of the explosion, a rapid 
explosive producing its maximum effect in a space of time sufli- 
ciefitly short to make the escape of gas from a not perfectly 
impervious envelope smaller than that which occurs during <lie 
action of a slow explosive. The rapidity of an explosive is 
the factor of most importance in deciding for what uses it is 
best fitted. Tlius, for severe shattering action where tin; escape 
of gases cannot be fully restrained, an explosive like nitro¬ 
glycerin, which is so rapid that the atmosphere itself is a 
sufficiently resistant envelope, is used, while for the slow move¬ 
ment of large masses—such as that involved iu winning coal 
and propelling shot—gunpowder or one of its modern substi 
tutes ( v.i .), which explodes comparatively slowly, is employed. 

The rapidity of explosion is iniluenced by the state of division 
of the explosive as well as by its composition, whence it follows 
that, ceteris paribus, a compound will he a more rapid explosive 
than any mixture, however intimate. No distinction in kind can 
be drawn between the phenomenon of explosion and that of com¬ 
bustion, the difference being essentially one of rate of propaga¬ 
tion. Thus it happens that a substance— e.g., gun-cotton (v i .)— 
may behave either as a combustible or as an explosive, according 
to the means used to initiate its decomposition. Loose gun 
cottoA ignited by a source of h$at of comparatively lo*v tem¬ 
perature—as for example* a flame or red hot wire—merely 
burns, the hot gases generated by the coinbusfW being able 
to escape freely, but should the gun cotton he ignited in the 
Centre of a compact mass, the gases will not be able to escape 
readily, and tin* pressure rapidly generated will raise the tem¬ 
perature and cause approximately instantaneous combustion of 
the whole mass; the same effect is produced by the use of a 
source of initial high temperature and pressure— e.g., a detonator 
of mercuric ftlminate (• i.i .). Detonation is, therefore, caused 
by the high pressure generated by th# most rapid combustion 
that can be attained under any given conditions. • 

It follows from this that the’theory that«an explosion is 
necessarily initiated by the vibration of the particular wave 
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length generated by the detonator used, is erroneous, and, there¬ 
fore, that so-called “sympathetic” explosion (the detonation of 
one. explosive by the shock produced by the explosion of another 
in its neighbourhood) may be rather due to the setting up of a 
new vibration, probably identical with the vibration of the 
temperature of ignition of the second explosive, acted on sym¬ 
pathetically. 

(A) Gunpowder.—(1 unpowder is the oldest explosive known. 
It consists of a mixture of potassium nitrate, sulphur, and char¬ 
coal ; its energy of explosion is derived from the exothermic 
reactions involved in the oxidation of the carbon and sulphur by 
the potassium nitrate. The original proportions in which these 
constituents were mixed wen*, in England, 75 per (rent, of potas¬ 
sium nitrate, 10 percent, of sulphur, and 15 percent, of charcoal, 
the same proportion being still in use for black ritle powder. Yho 
manufacture of gunpowder comprises the preparation of pure 
potassium nitrate, distilled sulphur, and charcoal from a light 
wood such as alder, and the mixing of these to a homogeneous 
mass. 

Potassium nitrate was at one time obtained exclusively from 
Hast Indian “saltpetre earths,” which are natural accumulations 
of nitrates (the potassium, calcium and magnesium salts) in the 
surface soil, produced by tin? nitrification of nitrogenous organic 
matter through the agency of an organism (see Manures, Vol. 11., 
p. 1*25). The earth varies in composition, the belter kinds con¬ 
taining about 8 per cent, of potassium nitrate and some <1 per 
cent, of calcium nitrate. The earth is I cached, and the liquor 
concentrated and mixed with wood ashes (crude potassium 
carbonate), whereby the nitrates are converted into the potassium 
salt, which crystallises, and in its crude state contains from 45 
to 70 per cent, of KNO.,. It is generally r»'crystalUsed in India 
for exportation. Tin* host quality (Bengal ordinary) contains 
5)0*5 per cent, of KNO.,. The production of a saltpetre earth 
has formed an industry in some European countries, whore it 
is made by mixing calcareous mil wjth putrefying nitrogenous 
substances, an<^ allowing nitrification (for the mechanism of 
nitrification see Artificial manures , Vol. If., p. 125) to proceed 
for months or years. 

For the manufacture of gunpowder the nitre is dissolved in 
boiling water and filtered hot. The hot liquid is constantly 
agitated; when its temperature falls to 32° 0. = 00° F., the 
saltpetre crystallises in a fine “ flour,” and is drained and washed 
with successive small quantities of water; a further draining 
leaves the flour in a fit condition for the incorporating mill ( v.i .). 
The greater part of saltpetre for gunpowder is now made by the 
decomposition of sodium nitrate (Chili saltpetre) with potassium 
chloriffe (from tltassfl’urt safts). Commercial soditim nitrate 
(05 per cent.) is dissolved together with Stassfurt “ muriate of 
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potash” (which contains 80 per cent, of KOI) in the mother 
liquors of a previous crystallisation. The. solution is boiled 
down and allowed to crystallise. Sodium chloride crystallises 
first, and the potassium nitrate is deposited on running the 
mother liquor into crystallising tanks. The Hour thus obtained 
still contains some 8 per cent, of IN at’l, and is purified by re¬ 
crystallisation and subsequent washing with water, f 1 unpowder 
saltpetre must be free from chlorides, which tend to keep it moist, 
and front sodium nitrate, which also is deliquescent. It is liable 
to contain potassium perchlorate, derived from Chili saltpetre; 
this impurity is injurious, tending to produce irregular ex¬ 
plosion ot the gunpowder. Jleyond its use lor gunpowder and 
fireworks, potassium nitrate is only employed for minor purposes 
•— »-g-, as a preservative fur meat 

♦sulphur for gunpowder making is distilled in an iron retort, 
which is connected with a sublimation chamber, as well as with 
the condenser. At the beginning of the distillation ihe vapour 
is sent into the sublimation chamber, oxides of sulphur being 
thus got rid of; subsequently the vapour is passed through 
the condensers, and is collected as a liquid. The redistilled 
sulphur, which should he free from oxides of sulphur, is sent to 
the incorporating mill. The carbonisation of wood for gunpowder 
charcoal is effected with or without the collection of the bve- 
products (see Destructive distillation, Vol. 11., p. 101), and at a 
temperature depending on the kind of powder to he made. The 
wood of the alder buckthorn ( JtJiamnu* frawjuld) and that of 
the true alder and willow are preferred. The wood is stored 
for some three years before carbonisation, and is carbonised in 
cylinders fitting in cylindrical retorts. Tile resulting charcoal 
is stored for a couple of weeks before grinding, as it is then less 
liable to spontaneous ignition. 

The temperature for the manufacture of black gunpowder 
charcoal ranges from 3C>0" to 520° C. - (!80° to 008“ R, that 
for brown powder is carbonised at a lower temperature, 280° O. 
= 5W6” F., and in some cases i,s made from cereal slnjw. The 
temperature is also regSlated according to the grain of the 
powder of which the charcoal is to form a fiart. The com¬ 
position of some gunpowder charcoals is us follows l.Xoble 
and Abel) :— 


# . . , 

Wn’tham 
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Pebble. 

• 

Wall huiii 
Abbey Kitle 
•harm? lirnin. 
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A high percentage of carbon corresponds with a high tem¬ 
perature of carbonisation. The sulphur and charcoal are ground 
separately and screened, and mixed with the still moist salt¬ 
petre in a rough mixing machine, consisting of a gunmetal 
drum and stirrer. This “green charge” is sifted, and passed to 
the incorporating mill, which consists of iron or stone edge- 
runners working on an iron or stone bed plate, the contact of 
iron with stone being avoided. During incorporation the 
mixture is kept moist. The “mill cake” thus produced con¬ 
tains from 1 to 6 per cent, of moisture, according to whether 
the grain to be made is small or large, and is then broken up 
between grooved gunmetal rollers, and pressed into cakes in 
gunmetal boxes lined with wood. The next process is “granu¬ 
lation,” and is effected by passing the “press cake” between 
toothed rollers. The granulated cake is graded by sieves, and 
the powder is glazed by rotation in drums, an ounce of graphite 
to each 100 lbs. of the gunpowder being added for large grain 
powder. Drying and finishing by a final rotation in a cylindrical 
frame covered with canvas, for the purpose of removing dust, 
complete the process. Tim dust from the various grading pro¬ 
cesses is termed meal powder, and is much used in pyrotechny. 

“ Pebble ” and “ prismatic ” powders are cut from the press cake 
either by rollers provided with knife-like ridges, or by hand. 
Prismatic powder is generally perforated longitudinally to ensure 
uniformity of surface during combustion. The main portion of the 
energy set free in igniting gunpowder is derived from the oxida¬ 
tion of the charcoal by the saltpetre. The presence of sulphur is, 
however, necessary to increase the rapidity of explosion to such 
an extent as to allow of the exertion of a maximum of effective 
pressure. The low ignitiug point of sulphur (248° 0. = 478° P.) 
adapts it for this purpose. The rapidity of explosion also depends 
oil the size of grain, pebble or prismatic powder ( v.s .) being used 
where a comparatively long continued pressure, as distinct from a 
sudden bursting strain, is required, as in heavy guns. Explo¬ 
sions of this type can be produced by powder poor in sulphur, 
in which class of material the charcoal used has to be carbonised 
at a low temperature and thus rendered more readily combustible. 
“Cocoa” powder, containing 79 per cen\ of KN0 3 , 2 per cent, of 
S, 18 per cent, of charcoal and 1 per cent, of moisture, is of this p 
character. The brown colour is due to the lightly carbonised 
charcoal, which is generally made from straw. Mining powder, 
from which it is desired to obtain the highest possible effective 
pressure by generating' a large volume of gas in a short space 
of time, contains about 67 per c. nt. KNQ 3 , 19 per cent, charcoal 
and 14 per cent. S. The -'increase in the proportion of sulphur 
also augments the inflammability of the powder. The chemical 
changes occurring,, in the explosion of gunpowder arewery com¬ 
plex, and differ according^ to the composition of the powder, 
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The following equation (Debus and lierthelot) may be taken at. 
showing the nature of the chief ohanges:— 

I 6 KNO 3 + 21C + 7S = 13COj + 3CO + 16N + 5K,CO a + K 2 S0 4 + 2K,S 3 . 

The salient properties of powders of various kinds are shown 
in the table below :— 



Cocoa. 

Kill 

Lartrv main. 

Mining. 



1 kiioerrum of 
Dry l .rtv.ler. 


Calorics (kilogram decrees), 

*37 

7257 

510-8 

Litres of permanent gas at \ 
0° C., and 760 mm., . J 

- 

19S 

274 2 

3611-3 


A comparison of the maximum pressure produced (in tons per 
square inch) by mining and black military powders, gave the 
figures 44 and 43 respectively, when the explosion was con¬ 
ducted in a closed vessel. The rapidity of the explosion of 
gunpowder is decreased by increase of apparent density, which 
varies from 167 for rifle powder, to 1*87 for brown prismatic 
powder. The exploding temperature of black powder is given 
at 300° C. = 572° F. At very low pressures— e.g. y 5 mm.— 
rapidity of explosion becomes very small, the converse being 
true of high pressures such as those obtaining in a gun. 

Recently, the. exigencies of modern warfare have caused the 
manufacture of smokeless, or as they are better termed in 
Germany, “rauchschwache” powders. Inasmuch as the smoke of 
gunpowder consists chiefly of finely-divided potassium carbonate 
and sulphate, smokeless powders must not yield such saline 
products. All smokeless powders used at present may be con¬ 
veniently divided into three classes:—(1) Guncotton ( v.i .) 
made into a horny substance by mixing with some solvent; 
gun-cotton yields no solid matter on explosion, and is, there¬ 
fore, smokeless, but is not adapted in its ordinary state for 
artillery and small arms, because of its intensely rapid and 
violent action. (2) Mixtures of nitroglycer/i with collodion 
cotton, consisting chiefly of di- and tri-nitrocellulose or with 
• gun-cotton— e.g., cordite (v.i.). (3) Mixtures containing nitrated 
aromatic hydrocarbons. For further information see Nitro- 
A'xplosives. % 

( b ) Nitro-Explosives—“H'gh Explosives.”—These differ 
from gunpowder in that their explosive basis is a definite 
chemical co^p^und, ccyitaining*oxyg?n and oxidisable elements 
in unstable equilibrium The expression nitro-explosive, 
although convenient, is a misnomer in the case lof nitro¬ 
glycerin ^nd gun-cotton, these compounds being the nitrates of 
certain organic radicles. Gun-COttOi; of ideaf purity is cellulose 
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hexanitrate, C 12 H l4 0 4 (N0 3 ) 6 , but as commercially prepared it 
contains various lower nitrates, although these do not exceed 
2 to 3 per cent, in the best specimens. 

The manufacture is conducted as follows:—The waste from 
cotton spinning machines is thoroughly freed from grease and 
dried at 100° 0. = 212° F. It is introduced in charges of about 
*1J lbs. into a cast-iron vessel containing 220* lbs. of a mixture of 
1 part by weight of nitric acid, specific gravity 1*5, containing 
at least 93 per cent, of HN0 3 , with 3 parts by weight of sul¬ 
phuric acid, containing at least 96 per cent, of H 2 S0 4 . After 
some five or six minutes the cotton is placed upon a grating 
provided at the back of the nitrating vessel, and is compressed 
by a plate and lever. The charge, containing in its pores about 
14 lbs. of acid, is transferred to a covered stoneware pot, which 
is placed in a stream of cold water for twenty-four hours, at tho 
end of which time nitration is complete. The bulk of the acid 
is removed from the cotton by a centrifugal machine, and most 
of the remainder is washed out in a paddle machine by a stream 
of water, followed by another treatment in a centrifugal drier. 
Finally, two boilings by steam are administered. The gun-cotton 
is then very thoroughly pulped in a “beater,” such as is used 
in paper manufacture. The pulp is washed in a paddle machine 
for six hours, after which it is tested according to the conven¬ 
tional method by heating 20 grains to 150° F. = 65° 0. in a test 
tube, in which is suspended a piece of paper moistened with 
potassium iodide and starch. This paper must not be blued by 
the separation of iodine, indicating the evolution of nitrous 
fumes. For industrial purposes gun-cotton is usually sold in 
the loose state, but for military use it is compressed into slabs 
of suitable size, the compression taking place in two stages, a 
pressure of 7,500 to 15,000 lbs. per square inch being finally 
employed. Gun-cotton is generally stored and sold with a 
moisture-content of about 30 per cent, to diminish the risk of 
accidents, but for use as ammunition it is dried at a tempera¬ 
ture of 4,0° C. = 104° F. As slabs of dry gun-cotton are v*ry 
friable, they are usually dipped onc4* or twice into melted 
paraffin wax at ^ temperature of 80° 0.-176° F., the axial 
hole in which the detonator is afterwards placed being pro¬ 
tected from the wax by pasting a gummed wafer over it. 
Ordinary undried gun-cotton is sometimes dipped into a solu¬ 
tion of sodium carbonate and carbolic acid to prevent the 
growth of fungi on it. 

•These details refer to the,,manufacture as carried outsat Waltham 
Abbey. At other factories much lower proportions of acid— e.g., 30 to 
50 parts of acid for 1 of cotton- - arc used. The subsequent boiling is often 
done with r vveak sodium carbonate solution, or with water containing 
magnesium 1 ’or calcium carbonate, all of which, however, hayp a slight 
decomposing action Oft thg gun-cotton. A certain amount of calcium 
carbonate is also often added to the finished gun-cotton. 
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The acid mixture left after nitrating one batch of cotton is 
“revivified” by running away a portion and substituting for 
it. as well as for that absorbed by the cotton, fresh acids of the 
required strength. This operation may be repeated upwards of 
twenty times. When the acid contains so much water that it 
has become useless for nitrating, it is run away altogether, and 
heated in order to drive oiV the nitric acid it contains; this, 
owing to the high temperature necessary, comes oil* mainly in 
the form of oxides of nitrogen, which are re-oxidised in suitable 
chambers by means of air and steam. 

Gun-cotton is similar to cotton wool in appearance, tut is 
somewhat harsher to the touch. Its specific gravity is l fit> 
when its pores arc freed from air. It is distinguished from the. 
lower products of the nitration of cellulose by its insolubility in 
admixture of ether and alcohol. It is soluble in ethyl acetate, 
and becomes converted into a jelly by nitrobenzene and nitro¬ 
glycerin. In common with other explosive organic nitrates, it 
can be reconverted into the original substance in this ease 
cellulose—by treatment with potassium hydrosulphide. When 
kindled (as distinct from <letumit«-d) in au uncoil lined space, it 
burns fiercely with considerable llnine (GO and II being evolved 
by its decomposition and burning in the air). It ignites spon¬ 
taneously at about 1 50° C. - ‘>02' l 1 ., but this temperature varies 
with the condition of the gun-cotton. It does not explode by 
percussive shock, but does so with shattering violence, even 
though saturated with water, when detonated with a cap con¬ 
taining mercuric fulminate. When wet, however, a priming of 
dry gun-cotton is advisable to ensure detonation. Its decom¬ 
position on explosion is represented by the following equation:— 

C, 3 EI| 4 0 4 (N0 ;) ) (1 = SCO + 7C0 2 + 8H + 3H a O + ON. 

It will be seen, therefore, that gun-cotton does not contain 
enough oxygen to yield completely oxidised products when 
exploded per se. If imperfectly washed, and containing a trace 
of ij^cid, it is liable to spontaneous decomposition and explosion. 
On explosion it gives nsyire hfcat and more gas than* an equal 
weight of any kind of gunpowder. 9 

Kilo, of 

* gun-cotton yields 

Calories (kilogram degrees), . . . 1071 

Litres df gas, including water vapour, at) 

0° C. and 700 mm., . . • . . ( ' 

It is not of much industrial importance, as its price is too high ; 
but it is usqcI for loading i.orpf.dges y^ui for military mines. ^ 

Collodion cotton ; mixture i*f the di-, tri-, tetra-, and penta- 
nitrates of cellulose, is a cheaper explosive, being made from 
weaker acids. In oilier respect^ its manufacture resembles that 
of gun-edtton (see Blasting Gelatine)._ 
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Attempts have been made to supply the oxygen required for 
the complete combustion of gun-cotton by mixing it with nitrate. 
Thus tonite is made by mixing gun-cotton pulp (100 parts) with 
barium nitrate (79 parts). For sporting powders cellulose less 
highly nitrated than true gun-cotton is employed, as well as 
crude cellulose, such as sawdust, alone or mixed with metallic 
nitrates. Such substances are E. C. Powder, Johnson’s Powder, 
and Schultze’s Powder. In Schultze’s powder the “ pyroxy¬ 
lin© ” made from wood is used instead of gun-cotton. The 
wood is cut into grains, which are boiled several times in 
sodium carbonate solution to remove resinous matter. They 
are then washed with water, steamed, again washed, dried and 
bleached. After again washing and drying, the cellulose left 
is soaked for two hours in 16 to 17 parts of a mixture of 
28 5 per cent, of nitric acid (specific gravity 150) and 7T5 pty” 
cent, of sulphuric acid (specific gravity 1*84), the whole being 
kept cool by a stream of water. The nitrated product is freed 
from acid in a centrifugal machine, and washed with water. Ii 
is then boiled with sodium carbonate solution, washed with water 
and dried. One hundred parts pyroxylin© are then soaked in 
a solution of 26 parts of potassium nitrate, or 22 5 parts of 
potassium nitrate and 7'5 parts of barium nitrate, and dried at 
about 38° C. = 100° F. Explosives made by nitrating sugar, 
starch and similar bodies are also made to a small extent. 

(e) Nitroglycerin Explosives.—Nitroglycerin, 0 3 H 5 (N0 3 ) ai 
is glyceryl trinitrate, and is prepared by acting on anhydrous 
glycerin (specific gravity 1*26) with a mixture of the strongest 
nitric and sulphuric acids (1 : 2 by volume), as in the prepara¬ 
tion of gun-cotton. The mixture of acids is cooled and run into 
a leaden vessel kept cool by circulation of water through lead 
coils, and the glycerin is sprayed into the mixture by compressed 
air. The nitration takes place very rapidly, and the temperature 
is carefully regulated, so as not to exceed 30° 0. = 86° F., as 
indicated by a thermometer in the liquid. Should the tempera¬ 
ture rise unduly, there is risk of decomposition and ©yen 
explosion. When the temperature luu fallen, the contents of 
the vessel are run into a settling tank, the nitroglycerin then 
forming an upper layer; this is run off and washed, first with 
water and finally with dilute alkali, as residual traces of acid c 
would cause its spontaneous decomposition. * The acid from 
which the nitroglyceriiuhas been separated is diluted with water, 
and a further portion of nitroglycerin obtained by allowing it 
to settle from the dilut3d acid. The yield is about 2 parts by 
weight of nitroglycerin from 1* pf glycerin. On ac'ountof the 
difficulty of controlling the nitration of glycerin conducted as 
describechabove, a method known as the Boutmy-Faucher method 
has heenTievised, by which it i* attempted to eliminate some of 
the heat of the reaction by a preliminary conversion of the 
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glycerin into sulphoglycekic acid, C 3 H 6 (HS0 4 ) 8 , with one-half'of 
the sulphuric acid that is used in the direct treatment, thus 
removing a part of the water which would otherwise be split off 
during nitration, and evolve heat with the excess of sulphuric 
acid present. The rest of the sulphuric acid is mixed with the 
nitric acid, and the mixture cooled before use, as in the ordinary 
method. 

Nitroglycerin is a coY*i rless (though commercial samples 
generally have a shade >, Jyellow) oily liquid, specific gravity 
T60, with a sweetish taste and toxic properties, producing faint¬ 
ness and headache. It is insoluble in water and solidifies at 
8° 0. = 40° F., and is volatile at 100° 0. = 212° F. It is re¬ 
converted into glycerin by treatment with alkaline sulphides. 
When rapidly heated to 200° 0. ~ 392° F. it inflames, but may 
detonate below this— e.g.> 180° 0. = 356° F. Detonation is also 
caused by a shock or blow, and by the use of mercuric fulminate 
explosion takes place with certainty. 

On explosion, nitroglycerin yields the following products :— 
2(C 3 Hfi(N0 3 ) 8 ) = 0CO 2 + 5H 2 0 + 6N + O 

It will be seen, therefore, that nitroglycerin contains more limn 
enough oxygen for the complete oxidation of its carbon and 
hydrogen, on which account it may be advantageously used in 
conjunction with explosives, such as gun-cotton, which contain 
less than the quantity of oxygen requisite for their complete 
oxidation (see Blasting Gelatine). The quantity of heat evolved, 
and of gas liberated by the explosion of one kilo, of nitroglycerin 
is— 

Calories (kilogram degrees), .... 1,570 

Litres of gas at 0° C. and 700 mm., including 

water vapour,.714 

Nitroglycerin, therefore, gives less gas but more heat than does 
gun-cotton. In practice it is found that its ({fleet is about five 
times that of an equal weight of blasting powder. The dis¬ 
advantages attending the use of nitroglycerin, such as risk in 
transport, cause it to be little uspd ; indeed in this country its 
sale and transport are illegal. When absorbed in a porous 
medium it becomes less unsafe to handle, and Constitutes the 
class of explosives mentioned below. 

* Dynamite.—This explosive consists of nitroglycerin absorbed 
by an inert sjibsfcauce. The material generally used as an 
absorbent is a siliceous earth, kieselgufrr, which consists of 
frustules of diatoms, and contains 95 per cent, of silica. 
Other absorbents, such as kaolin, chalk* magnesia, mica, cork # 
and charcoal,**are used to a limited*extent, but are less effective 

• 

* Cork and charcoal are, of course, strictly speaking, not riert ab¬ 
sorbents, since they are* burnt during % the explosion by the excess of 
oxygen liberfJled. 
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than kieselguhr. Kieselguhr is prepared by calcining and 
sifting tht* raw earth. It is then mixed b.v hand with three 
times its weight of nitroglycerin, forming a plastic mass of dyna¬ 
mite containing 75 per cent, of nitroglycerin and 25 percent, 
of kieselguhr. The, dynamite is then granulated by passage 
through a sieve, and made up into cartridges by the pressure 
of a wooden piston in a small metal cylinder, or by being 
expressed in a continuous rod, whi^i is divided into suitable 
lengths; the finished cartridges are enclosed in parchment paper 
cases. Dynamite is less sensitive to shock than is nitroglycerin, 
but like it, it is rapidly decomposed at 180° 0. = 3.06° F. Small 
quantities, when kindled, may burn without explosion, but large 
amounts usually reacli their critical temperature of explosion and 
then detonate. Frozen dynamite cannot bo completely exploded 
when detonated with mercuric fulminate in the usual way, and has 
to be thawed before being used. Many accidents have occurred 
by carelessly heating frozen dynamite. As the specific heat of 
kieselguhr is about 0*2, an appreciable quantity of the energy 
generated on explosion of the nitroglycerin is uselessly employed 
in heating the absorbent. 

The disadvantage of an inert absorbent and the fact that a 
certain amount of oxygen is set free in the explosion of nitro¬ 
glycerin, have led to the manufacture of explosives of which 
the absorbent base is itself active. The following are the chief 
members of this class. 

Blasting Gelatine.—This explosive consists of 93 per cent, of 
nitroglycerin, absorbed by 7 per cent, of nitrated cotton (col¬ 
lodion cotton containing lower products of nitration than the 
hexanitrate), this quantity sufficing for the surplus oxygen of 
the nitroglycerin. Blasting gelatine is made by warming nitro¬ 
glycerin in a copper vessel, and stirring in the finely-divided 
nitrated cotton in small quantities at a time, the temperature 
being kept below 35° 0. = 95° F. In the course of an hour the 
mass gelatinises to a viscous semi-transparent mass, which freezes 
at a low temperature. It can be employed under water, whereas 
dynamite is disintegrated wlvn tipis used, the nitroglycerin 
being washed out. It is somewhat sensitive to shock when 
frozen, but in its normal state requires a heavier detonating 
charge than does dynamite ; its detonation also takes place more 
slowly. One kilo, of blasting gelatine liberates 1,530 Cal. on 
explosion. Its intensity of blasting effect is given as 160 taking 
that ot dynamite as 100. 

Gelatine dynamite consists of 65 per cent, of a thin blasting 
vi gelatine (containing 2*5 t perpent. of nitrated cotton), *26*25 per 
cent, of potassium nitrate, 8*4 per cent, of wood meal and 0*35 
per c^nt. of soda. Many other nitroglycerin explosives are 
madeJ' Cordite, the smokeless powder adopted by the British 
Government, is"of the blasting gelatine order, and is made by 
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incorporating 58 parts of nitroglycerin with 37 parts of gun 
cotton and reducing the mixture to a pulp by the addition of a 
solvent such as acetone (19-2 parts); the pulp is mixed with 
vaseline (5 parts) and manufactured into threads by expression 
through dies; the threads are used for loading cartridges. In 
making blank cartridges the vaseline is omitted. Ballistite also 
consists essentially of a mix!ure of nitroglycerin and soluble 
gun-cotton. 

( d) Other Nitro-Explosivos.—The idea suggested hy 
Sprengel of avoiding the transport of high explosives hy sup¬ 
plying the user with two or more substances, each of which 
by itself is not explosive, to mix when required and thus yield 
an explosive composition, has received numerous development-'. 
The original explosives proposed by Sprengel were eit her solu¬ 
tions of such substances as nitrobenzene and picric acid dissolved 
in ftie strongest nitric acid, or porous cakes of potassium chlorate 
saturated wilh combust ible liquids. These mixtures, which could 
be made, on the. spot, were detonated by mercuric fulminate. 
Thus, lielllioffite is a solution of nitro- and dmitrobenzone in 
nitric acid; panclastite, a mixture of nitrogen peroxide, with 
carbon bisulphide. Thu objection to the handling of liquid 
explosives has caused a reversion to mixtures of solid substances, 
one class of which consists of oxidising agents and the other of 
combustible materials, functioning in precisely the same manner 
as gunpowder, but needing a detonator for their explosion. 
Examples of this class of explosive are l’Oburite, a mixture of 
dinitrobenzene, chloronitronaphf halene and ammonium nitrate, 
and rack a-l'Ock (potassium chlorate and nitrobenzene); also 
picric acid powders consisting of a mixture of a pierate. with 
potassium nitrate or chlorate. 

Picric acid (see Yol. II., Chap. XIII.) is itself capable of 
detonation, and is the main constituent, of the French Govern¬ 
ment explosive, Melinite, as well as of the English explosive, 
Lyddite, the melted picric acid being poured directly into the 
shell, and a gun-cotton primer inserted. It has been found, 
however, that picric acid ettaolA the metal of the shell with 
the formation of unstable picrates, aud hence ammonium pierate 
is now largely used insteacj of the free acid, the corrosive action 
being much less. 

Mixtures of liquid oxygen with charcoal, petroleum, sulphur, 
and other oxidTisable substances have lately been tried and 
found to act as high explosives They are generally incon¬ 
venient, however, as, owing to the impracticability of trans¬ 
porting liquidfj.xygen, th*. latter yt ust be prepared on the spot/ 
For extensive tunning and n.ia.ng operations explosives of 
this class may prove of value. ft 

For detonators , mercuric fulminate is invariabW employed. Tt 
is prepared* by acting on 1 part by weight ol mercury with 
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10 parts by weight of nitric acid (specific gravity 1*4) in the 
cold, the solution being heated to 55° C. — 130° F., and poured 
into 8*3 parts by weight of methylated spirit. A very violent 
action arises, and the fulminate separates in crystals, which 
are filtered off and washed. The finished product is a white 
crystalline powder, which is very easily exploded by friction or 
percussion unless it contains upwards of 10 per cent, of water. 
The detonation temperature is about 150° to 200° C. = 302° to 
302° F. The equation representing the decomposition of mer¬ 
curic fulminate on explosion, and information concerning the 
heat evolved, are given at the beginning of the chapter. For 
use for the caps of military and sporting cartridges, mercurio 
fulminate is generally mixed with a small quantity of potassium 
chlorate or nitrate. 

Li. MATCHES.—Phosphorus.—Two* varieties of phosphorus 
of commercial importance are known, a vitreous pale yellow 
substance, crystallising in the regular system, and a red body, 
generally supposed to be amorphous, but recently alleged by 
Rutgers to form hexagonal crystals. The former has a specific 
gravity of 1*83 and melts at 44 u C. = 111° F. and boils at 290° C. 
= 554° F.; it is soluble in carbon bisulphide, is easily inflamed 
by friction, and oxidises spontaneously in air at the ordinary 
temperature. It is highly poisonous. The latter has a specific 
gravity of 2*14, and is not affected by heating in air below 
290° C. = 554° F. when it becomes converted into the yellow 
variety. It is not readily inflamed by friction. It is insoluble 
in carbon bisulphide and is not poisonous. Both varieties are 
used for making lucifer matches. 

In the manufacture of phosphorus the yellow variety is first 
obtained. The raw material is phosphoric acid, which is pre¬ 
pared from a mineral calcium phosphate (see Manures , Vol. II., 
p. 117). Formerly, phosphorus was made from bone-ash, but 
this source of supply is more costly than mineral phosphates. 
The finely ground mineral is mixed in a wooden vat with 
sufficient chamber vitriol (see Sulphuric Acid, Vol. II., p. 15) 
to convert all the lime of the mineral phosphate into calcium 
sulphate, the Hquid being heated with open steam. 

Ca 3 (P0 4 ) a + 3H 3 S0 4 = 3CaSO« + 2H 3 P0 4 . 

When the reaction is complete, the contents of the vat are run 
into lead-lined filtexing pans, and the solution of phosphoric 
acid, which should have a specific gravity of 1 *17, is allowed to 
run through. The calcium sulphate is washed until the filtrate 
has a specific gravity of 1-01. The.-calcium sulphate retains 
some calcium phosphate, as shown by the following analysis 
(Reac^nan), and is known as phosphatic gypsum :— 

* So-called “scarlet .phosphorus" has lately been prepared (seep. 438). 
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Calcium sulphate,.7114 

Calcium phosphate.0*56 

Siliceous matter,.1210 

Ferric oxide, alumina and organic matter, . 5'55 

Water.4*65 


100 00 

It is used as a “drier” by manure makers. The liquor is 
evaporated in lead-lined tanks, containing lead worms through 
which high-pressure steam is passed, and provided with agitators. 
During the concentration, calcium sulphate is deposited ami is 
removed by filtration. 

The concentration is pushed until the liquor has a speeifio 
gravity of 1*325 to 1*5, according to the reducing agent subse¬ 
quently used, the weaker liquor sufficing when sawdust is em¬ 
ployed and the stronger being requisite for coke, or charcoal, 
which are less absorbent. The phosphoric acid is now mixed 
with the reducing agent, which is some form of carbon, in 
quantity amounting to about 25 per cent., charcoal, coke, or 
sawdust being used as stated above. The wet mass has to be 
dried in iron pots or muffle furnaces, and is stored in air-tight, 
iion vessels until required for distillation. During the drying, 
the phosphoric acid loses water and becomes metaphosphoric 
acid (HPO-j). In the older process the distillation is carried 
out in bottle-shaped fireclay retorts about 3x1 ft. and 1 inch 
thick in the walls. The retorts are placed in two tiers, in a 
furnace similar to that used in the distillation of zinc by the 
Belgian method (see Zinc , Vol. I.). Iron or copper tubes are 
affixed to the necks of the retorts by clay luting and are con¬ 
nected with the condenser, which is a long trough containing 
water beneath which the aforesaid pipes open, and in which the 
phosphorus collects. The distillation is conducted at a high 
temperature, and frequent breakages of the retorts occur. 
The chemistry of the distillation may be represented by the 
equation— , 

4H i’O, + Cfc = IlJ + 12CO + P t . 

The average yield of refined phosphorus is not more than 
'JO per cent, of the. theorettcul amount. The phosphorus which 
collects in the troughs, being fused, ib ladled into boxes ami 
transferred to file refinery, where it is (ji-nielted, so that the 
sand and clay, with which it is mixed, separate, and the purified 
piiosphorns is either squeezed through, chamois leather or 
melted in a pag under a dilute solution tif potassium bichromate, 
and sulphuric acid. WitJi this ’i^ or Jt is agitated and heated 
by steam coils, and is finally washed with hot water, filtered 
through canvas and re-moulded into sticks or wedges, which are 
packed in vfater in tin-plate boxes for tjie aarlAt. On account 
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of the high temperature needed for the. reduction and distilla¬ 
tion of phosphorus, externally fired retorts, such as have been 
described, are cosily, as the heat has to be transmitted through 
their walls. Kurt her. advantage cannot be taken of the possi¬ 
bility of displacing P.,O r> by SiO., at high temperatures by using 
a charge of calcium phosphate, sand and carbon, and thus 
avoiding the preliminary manufacture of phosphoric acid, as 
the necessary temperature cannot be attained. On account of 
these drawbacks attending the use of retorts, internally fired 
furnaces present- considerable /n'tina facie advantages. An 
application of this principle in the form ot the electric furnace 
(see Aluminium, Vol. 1.) has been made by Headman and 
Parker, whose apparatus consists essentially of an iron box 
lined witli fire brick, provided with carbon electrodes at its 
lower part, and a hopper and feeding screw and an exit tv be 
at the upper. The arc is established by small independent 
electrodes, and maintained by the large electrodes, phosphorus 
being volatilised in the ordinary manner. The charge consists 
of mineral phosphate, sand ami coke, and it is claimed that a 
yield of 86 per cent, of the total phosphorus is obtained. The 
advantages of the electrical method of heating are so great that 
the use of the electric furnace for making phosphorus has 
practically superseded the older mode of distillation in retorts. 

Red Phosphorus.—The manufacture of red phosphorus is 
conducted by heating ordinary phosphorus in a cast-iron pot 
heated at 240° to 250“ 0. = 464° to 482° ]$. by a sand bath. The 
pot is provided with a screw cover and a tube for the escape of 
air at the beginning of the operation. This tube is sometimes 
trapped with mercury or water, aud is closed by a cock when 
the displacement of the air is complete. The conversion of 
yellow into red phosphorus takes place more rapidly when it 
is heated under pressure at 300° C. = ;>72° F., but the risk of 
the operation is greater than when a lower temperature is 
employed. By this process the yellow phosphorus in converted 
into h:\rd lumps of red phosphorus; grinding under water nnd 
extraction of unaltered yellow phtfisphorus bv boiling under 
caustic soda sobitiou, followed by thorough washing, finish the 
manufacture. w 

Matches.—The chief use of all the varieties of phosphorus* 
is in the manufacture of matches, for which purpose it is adapted 
by its easy inflammability. The particular explosive mixture 
which is used for the heads of matches must be of such a nature 
that it can be ignited by slight friction, either on any rough 
surface or on one that li&s bfien speciaUy prepared. Such sensi¬ 
tiveness is most easily attained by the use of phosphorus either 
for thephead composition or for the prepared surface. 

Matches may l^e roughly classified as “common” and “safety” 
matches, according a rt s thAr ignition is due to the use of yellow 
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or red phosphorus. In common matches phosphorus is the 
chief oxidisablc constituent of the explosive mixture used lor 
their heads, while in safety matches sulphur, generally in the 
form of antimony trisulphide, takes its place. The essential 
ingredients in a common mat eh composition are:—(1) yellow 
phosphorus; (2) an oxidant, such as potassium chlorate or 
nitrate; (3) glue or gum, serving both as an emulsifying agent 
and as a binding material ; (4) indifferent gritty material- <*.</., 
powdered glass, to increase friction ; (f>) colouring matter, such 
as ultramarine. Tin* number of compositions in use is very 
great, but the following may he quoted as giving some idea of 
the proportions of the ingredients :— 


Yellow phosphorus, 
Poiuj-sium chlorate, 
Clue, . 

• Powdered glass, 


(Pa parts by weight. 
4 '(i 

4 <> " 


The colouring matter varies according to the preference of I ho 
market for which the matches are intended. 

The mixture is made by dissolving the glue and potassium 
chlorate in warm water, gradually stirring in the phosphorus to 
ibrm an emulsion and adding the other ingredients. The com¬ 
position is spread out on slabs healed by steam, and the match 
stem, whether of wood or wax-coated thread (for vestas), dipped 
therein to form the head. Wooden matches are generally primed 
bv a preliminary flipping in sulphur or paruilin wax, which aids 
the ignition of tin! wood, the splints being made in double 
lengths and dipped at both ends. The dipped matches are 
allowed to dry, and are then halved and packed. 

With safety matches red phosphorus is substituted for yellow, 
but usually on the prepared striking surface only. 


HKAP COMl’usmnS. 

Antimony sulphide, 
Potu»iuni chlorate, 
(.mu undue, . 
Powdered glass, 


in jiiuat co.Mi-asiTiuN. 

I j bed phosphorus, . . 2 

1 { (Him arahic. 1 

2 I Powdered glass, . . 1 


As an additional preeinitioif, the stems of woodeh safety 
matches are sometimes prepared hy being soaked in a dilute 
solution of alum, magnesium sulphate or a phosphate, so that 
• the wood may not glow after the match has been extinguished. 
The finished match is sometimes waterproofed with paraffin 
wax. # 0 

On account, of the outcry again^ t the risks run by operatives 
in match factories of contracting necrosis by exposure to the 
phosphorus 1 »tpour, attempts hay*bee*i made to prepare matclM** 
entirely without phophorus bu„ with indifferent success. The 
best composition hitherto proposed contains lead thiosulphate, 
PbS 2 0 3 , a| the oxidisable ingredient, potassium chlorate serving 
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as the oxidiser. A substance which is apparently a new modi¬ 
fication of phosphorus, so-called “scarlet phosphorus,” has lately 
been prepared by Schenck by heating white phosphorus for 
some time in boiling phosphorus tribromide. This scarlet 
phosphorus is said to be non-poisonous and non-explosive, 
whilst matches made with it will strike on any rough surface. 

Fusees are common matches with wooden or wax stems, 
provided with enlarged heads consisting of powdered charcoal 
mixed with potassium nitrate and a binding material, tipped 
witli an ordinary striking composition, the object of the former 
being to cause the match to burn fiercely in wind. 



[1VDR0FLUORIC ACID- 




C IT ALTER XVfTT. 

MINOR CHEMICAL MANUFACTURES. 

This section is tie voted to the chemistry of the manufacture of 
such acids, salts, <fcc., as are adjuncts to the processes described 
in the foregoing sections. They are, therefore, mainly manu¬ 
facturers’ and traders’ chemicals, including such classes of 
substances as mordants for dyeing, solvents for oil extraction, 
anfl antiseptic chemicals for sewage treatment and food preserva¬ 
tion. 

I. ACIDS.—Hydrofluoric Acid.—This substance is chiefly 
used for etching glass, since it has the unique property of dis¬ 
solving silicates of a refractory nature, such as glass. The 
principle of its application is the covering of the glass with a 
resistant varnish, which is then removed from the places to he 
etched, these being then subjected to the action of the acid, 
whereby the glass is dissolved and an etching, or a pattern in 
intaglio, produced. Tin 1 pure aqueous acid produces clear mark¬ 
ings on glass, whilst the gas or the aqueous acid containing a 
soluble fluoride (“white acid ”) gives a matt surface (see Glass, 
Vol. II., p. 175). Hydrofluoric acid has lately found an ex¬ 
tending use as an antiseptic, particularly in brewing, but in the 
face of recent experiments by one of the authors, who found 
sodium fluoride to possess marked toxic properties, its employ¬ 
ment should be adQpted with considerable caution. 

On account of the great insolubility of the fluorides of the 
alkaline earths, soluble salts of hydrofluoric acid— e.g sodium 
fluoride—have been used as softening agents tor boiler waters 
(see Vol. I.), and the acid itself has been employed as a pre¬ 
cipitant in sugar refining. # • 0 

Antimony and chromium fluorides are usejl in dyeing and 
printing (see Vol. II., pp. 352, 353). 

, The manufacture of the acid is conducted on a comparatively 
small scale. Fluqrspar is finely powdered, mixed with twice its 
weight of string sulphuric acid and geptly heated in a leaden 
retort; the gaseous hydrofluoric acid which is evolved is ab¬ 
sorbed by water; CaF 2 + HJ30 4 = CeSQ 4 + 2HF. On account 
of the solvent action of ilF on, glass, the acid is preserve 
in leaden, platinum, gultaperdu or “ceresin”* vessels. The 

* This material is sir ply a grade of paraffin wax, and has lately been 
used to forjn bottles for pure hydrofluoric acid (see Ozokerite, >£oI. II., 
p. 134). 
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commercial acid is usually very impure, containing silica and 
other solid matter in solution. The anhydrous acid, HF, is not 
an article of commerce. 

Boric acid ( boracic acid) is extensively used both as such, 
and as borax, Na 2 B 4 0 7 .10H.,O, for minor industrial purposes— 
e.g ., the preparation of fusible glazes and special optical glasses; 
as a preservative of food, particularly milk and fish, and as a 
flux in metal working (see Yol. 1.). Boric acid is a constitu¬ 
ent of the pigment Guignet's green (p. 380), and of certain 
siccatives, such as manganese borate, for preparing drying oils. 
The free acid occurs naturally in steam emanating from volcanic 
formations, and is prepared from its salts—tincal (crude borax 
from Thibet), Californian borax, boronatrocalcite (the commercial 
“borate of lime,” Naj> 4 0 7 .20aB 4 0 7 .18 JJ obtained from Chili, 

Stassfurtite or Stassfurt boracite, bMg().8 l» 2 0 3 .1\1 g01. 2 , and pander- 
mite ( Turkish boracite ), 2Ca().3B.,0 ;r 41I.,0. 

In Tuscany the boric acid contained in steam of volcanic 
origin is collected by allowing the jets of steam (soffioili) to 
condense in reservoirs of water built round the point of issue. 
The water becomes gradually charged with boric acid, and is run 
into a common reservoir where it is allowed to settle, and is 
thence transferred into leaden pans heated by other soffioili. 
The less soluble impurities, tin' chief of which is calcium sul¬ 
phate, are deposited in these, pans, in which the liquid attains 
tin? specific gravity of 1*08, when it is run oil' and the boric acid 
allowed to crystallise. The crude acid (containing 80 to 1)0 per 
cent, of IIjjBOjj) is purified by dissolution in water, treatment with 
animal charcoal and reerystallisation. The purified acid, H.,B(). { , 
forms unctuous crystals soluble in 2f> parts of water at 15° O. 
= 00° R, and in 2-9 parts at 100° O. — 212° Jj\ It loses water 
when heated to redness, becoming converted into the anhydride 
B 2 0 8 , a glassy transparent mass, which is fixed unless heated in 
a current of alcohol or water vapour, it is not as suitable as 
borax for use as a flux, for although metallic borates are readily 
formed by heating lx/)., with metallic oxides, such borates are 
generally insoluble in excess of »'3 2 O s , < borax, on tin* other hand, 
dissolving these oxides completely. When used as a preservative, 
alone or in conjunction with salt, it appears to exercise but 
slight physiological action, no injurious effect having been 
definitely proved to arise from it; per contra t it has not been 
shown to be thoroughly harmless. Its unacknowledged use, 
especially for milk, is illegitimate, in the absence of precise 
knowledge as to its action on the digestive organs of childien 

invalid persons. , < 

Boric acid is also won, by heating the better qualities of 
boronatrocalcitfe with hydrochloric acid in pitch pine vats, and 
crystallis/ag the product. A similar process is used for Statfs- 
furtits, 'save that sulphuric acid is employed in place'of hydro- 
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chloric acid, the magnesium sulphate being recovered from the 
mother liquors. Pandermite is also treated in this manner. 

Borax is chiefly prepared by reenstallisation of the natural 
crude borax, either in tin 1 form of lineal from (Vnfrul Asia, or 
from California, the hitter source being now the more important. 
It is also prepared by neutralising 1 part of boric acid with 1*1 
to 1 -2 parts of soda crystals; the soda is used in slight excess but 
in insufiicicnt amount to produce the inelaborate (NaBO.,.4 1 i.,0)— 
in order that tin* crystals may be well formed ; to the same end 
the hot liquor is allowed to cool very slowly. The latter practice 
is general in refining borax, from whatever source if is obtained. 

The deposits of crude borax found in California lmve an average 
composition of sand, 50 per cent.; sodium sulphate, l(i per 
cent.; sodium chloride, 12 per cent.; sodium carbonate, 10 per 
ce$t.; borax, 12 per cent. This material is worked up by simple 
dissolution in water, decantation from the insoluble matter and 
slow crystallisation, impure borax being thus deposited ; this is 
recrystallised, yielding refined borax. 

Another source of borax is tiza, Nfi..lbO..2<’\*iB 4 0 7 .18ILO. 
This is boiled with sodium carbonate in slight excess of the 
calculated quantify, calcium carbonate being formed and borax 
going into solution ; the liquor is siphoned oil and crystallised, 
yielding a crude berex containing 40 to 50 per cent, of pure 
borax, 40 per cent, of sodium sulphate* and 10 per cent, of 
sodium chloride.* Kecrystallisal inn yields commercially pure 
borax. 

Two forms of commercial borax are made, the ordinary 


prismatic borax, Na.,B l ()..101l. J O, manufactured by the. above 
process, and an octahedral variety, Na,lq(> 7 .5i!.,(), which is 
prepared by crystallising a strong solution, of specific gravity 
1 '246, the deposition of crystals beginning at 70“ C. 174° R, 
and ceasing at 50“ 0. = 155" R, below which prismatic borax 
begins to separate. The latter form is less common commer¬ 
cially than the former, although preferable to it in respect of 
the quantity of water it contains (diminishing cost of trans¬ 
port) ; it also fuses with lest intumescence than floes the 
prismatic borax, and is thus bettor fitted for ^ise as a lliix (see 
Vol. I.). It absorbs wa^er from the air, becoming converted 
• into the prismatic variety. 

Arsenic Acid,fcH ;} As0 4 .—The raw material for this substance 
is always ars&iicus anhydride, variously known as “arsenious 
acid,” “ arsenic,” white arsenic ( \s 4 0 6 ), which is a bye-product 
oi the metallurgical treatment of arsenical pyrites and njckel 


and cobalt qpeiss {q-v.) % i’he tyseni# fume, condensed in thfe 
flues of the roasteis used in smelting, tin or copper ores (which 
usually contain arsenical pyrjtes), is mixed with soot. (arsenic 
soot) wheji the roasting is conduced in direct contact wjth the 
# Derived from impuritie%in t$ie tlla. 
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furnace gases, but is free from iliis impurity when roasting 
in muffles is adopted. The white arsenic is purified by 
resublimation, either in a furnace fed witli smokeless fuel, or 
in pots heated externally and connected by short hues to a 
condensing chamber sufficiently close to the furnace to reach 
the softening point of the sublimed white arsenic.* The glassy 
mass (vitreous arsenic, arsenic glass) thus obtained, becomes 
opaque and porcelain-like on keeping ; it is generally ground for 
sale, and is used in glassmaking as an antiseptic for pre¬ 

serving skins, and, dissolved in glycerin, as a mordant in calico- 
printing. 

The conversion of white arsenic into arsenic acid is effected 
by boiling 4 parts of As 4 U 6 with 3 of nitric acid (specific gravity 
T35) and evaporating the solution to dryness. The oxides of 
nitroge.n evolved in the process are oxidised by air in the presepce 
of water, and the nitric acid is thus regenerated. Arsenic acid 
finds its greatest use as a substitute for tartaric acid in calico- 
printing, and as an oxidant in the preparation of rosaniline 
(?■«■)•. 

Sodium arsenate is prepared directly by heating a mixture of 
white arsenic and sodium nitrate; the salt is useil as a mordant. 

Phosphoric acid, H 3 P0 4 , is prepared from a mineral phosphate 
as a preliminary to the manufacture of phosphorus (see Explosives 
and Matches, Vol. II., p 435). It is sold in the form of a syrupy 
liquid, with about 80 per cent, of 1I 3 P0 4 , and usually contains 
traces of impurities derived from the mineral phosphate. When 
heated until white fumes are evolved, the liquid is converted 
into metaphosphoric acid (glacial phosphoric acid) which is used 
as a discharge in calico-printing. 

Sodium phosphate is prepared by adding sodium carbonate 
to Crude phosphoric acid, in the proportion indicated by the 
equation— 

H 3 T0 4 + fuijCIO, = Na 3 HT0 4 + 11,0 + CO g . 

Any lime present in the phosphoric acid is precipitated as 
carbonate and removed; the clear liquor is evaporated until 
it crystallises; the salt has the composition Na 2 HP0 4 .12H 2 0, 
and is known as rhombic phosphate of soda, from the shape of its 
crystals. 

Formic Acid, H 2 C0,, is used in tanning and dyeing. For¬ 
mates are now made by Goldschmidt’s process, which consists 
in heating sodium hydrate to 150" to 170" C. = 302" to 338° F. 
with carbon monoxide under a pressure of 6 to 7 atmospheres, 
yield is stated to be theoretical. 

Oxalic Acid, H 2 C a 0 4 .—This acid id a product of the oxida¬ 
tion of many non-nitrogenous organic matters. It is most easily 

* This incipient fusion is render§d possible by the faot that the sublima¬ 
tion 'occurs in an atmosphere of As 4 0 9 . 
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prepared by the use of nitric acid as an oxidant, such diverse 
materials as sugar, woody fibre and hydrocarbons yielding a 
portion of their carbon as oxalic acid. Sugar, starch and nitric 
acid were the original raw materials, but in modern practice 
sawdust is oxidised by air in presence of caustic alkali. The best 
alkali, from the point of view of initial cost, would be caustic 
soda, but it is found that a yield of only 33 per cent., reckoned 
on the weight of the wood, is obtained when this alkali is used. 
When potash is employed, on the other hand, the yield rises to 
81 per cent., and equal parts of potash and soda give almost the 
same yield (80 per cent.); a mixture is, therefore, always adopted. 
Soft woods, such as pine freed from resin by previous digestion 
with caustic soda solution, give the best results, as much as 
95 per cent, of oxalic acid, reckoned on the weight of the dry 
wood taken, being obtained. Hard woods, such as oak, yield 
only 83 to 85 per cent. The alkaline liquor employed has a 
specific gravity of about 135, and is mixed with sawdust in the 
proportion of about 1 part of sawdust to 3 of mixed NaOH 
and KUll: the paste is spread in a thin layer on an iron plate 
heated in a furnace to a temperature of 250° 0. - 482° I<\, until 
a uniform whitish melt results. This mass contains mixed 
oxalates, and is leached with water; the solution is evaporated 
until sodium oxalate crystallises and can be separated in centri¬ 
fugal machines. The crude sodium oxalate is dissolved in boiling 
water, and the solution is heated with milk of lime for some hours; 
the liquor must be tolerably dilute to ensure decomposition of 
the sodium oxalate by the lime, the reverse reaction occurring 
in concentrated solutions (c/1 Causticising sodium carbonate; 
Alkali , Vol. IT., p. 35). The caustic liquor is drawn off from 
the calcium oxalate and used afresh ; the calcium oxalate is 
decomposed with excess of sulphuric acid, 3H 2 S0 4 : l(JaU,0 4 ; 
the calcium sulphate is filtered off and the solution concentrated ; 
the rest of the calcium sulphate first separates, and fairly pure 
crystals of oxalic acid, II 2 0 2 0 4 .2H 2 0, then form. They are refined 
by recrystallisation; the mother liquors containing 1I 2 S0 4 are 
used # for the next batch. # • • 

The commercial acid may contain acid oxalates not completely 
decomposed by the sulphuric acid used in its preparation, and 
•has been known to contaifl heavy metals— e.g lead. Sulphuric 
acid and sulphates may also be present. It can be sublimed, 
and is very poisonous. Oxalic acid is ^hiefly used in calico- 
printing as a discharge; it is also a solvent for Prussian blue, 
and thus forms a constituent of some inks; it bleaches flax and 
straw ; it is^used as an ooid deferggnS for articles made 
copper and its alloys * • 

The acid oxalates of potassium (Salts of sorrel, salts of lemon , 
KHC 2 0 4 and KHC 2 0 4 .H 2 C 2 (/ 4 .2H 2 0) are made by adding to 
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oxalic acid the appropriate proportions of potassium carbonate, 
and crystallising, and are used as domestic detergents. 

Antimony potassium oxalate, K 3 8b(C 2 0 4 ) 3 .6H 2 0, is used as a 
substitute for tartar emetic in calico-printing. 

Lactic acid, J l 6 0 3 0 3 .—Of the isomerides, the ordinary lactic 
acid, or ethylidene lactic acid, ClI s .CH(OH).COOH, is that 
commercially produced, and is generally prepared by fermenting 
maltose with the lactic bacillus. A mash of starchy material, 
such as maize, is treated with malt to convert the starch into 
maltose, and mixed with a cultivation of the bacillus ; the 
temperature is kept at about 50° C., and chalk is stirred into 
the mixture to neutralise the lactic acid as it is produced. The 
solution of calcium lactate thus obtained is mixed with sufficient 
sulphuric acid to precipitate the calcium as sulphate, and after 
filtration the dilute lactic acid is concentrated in a vacuum pp,n 
to about HO per cent, strength. In this form its specific gravity 
is 1 *2, and it finds application in tanning and dyeing. The 
residue from whiskey stills, “ pot ale,” has also been suggested 
as a source (see Jlrewing and Distilling, Vol. II., p. 226). 
Antimony lactate is used as a substitute for tartar emetic in 
dyeing and calico-printing. 

Tartaric acid, C 2 M 2 (OH)o(COOU).,, is a bye-product in the 
manufacture of wine, being deposited as at’gol, crude bitartrate 
of potash (containing about 60 per cent., the rest being yeast 
refuse and organic debris deposited during fermentation), its 
deposition being favoured by the fact that hi tartrate of potash 
is sparingly soluble in dilute alcohol. Much argol is extremely 
crude, and its content of tartaric acid has to be raised by 
reerystallisation before export, the product, being known as 
tartar. This is worked up for tartaric acid by taking advantage 
of the insolubility of calcium tartrate and calcium sulphate. 
The crude tartar is boiled up with water containing chalk, half 
the tartaric acid being thus converted into the insoluble calcium 
tartrate ; calcium sulphate is then added, giving calcium tartrate 
with the remaining half of the tartaric acid, previously present 
as neutral potassium tartrate. •'•The total precipitate of caltium 
tartrate is strained through a sieve to remove wood fragments 
and similar gross impurities, and is then filter-pressed and 
washed. A treatment with sulphuric acid converts the precipi¬ 
tate into tartaric acid and calcium sulphate, the latter depositing 
and the former being drawn off and boiled dowft, preferably in 
a vacuum pan. An excess of sulphuric acid must be present to 
favour the formation of good crystals. The evaporation is 
generally conducted in 'ead vessels, causing con f animation of 
the tartaric acid with this met.il. The' solution, separated from 
the calcium tartrate as described above, contains the potash of 
the original tartar as sulphate, and is evaporated for the recovery 
of this'salt. 
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The commercial tartaric acid is the dextro-rotatory variety; 
three other tartaric acids exist, but are of no commercial im¬ 
portance. Ordinary tartaric acid is soluble in 0'7 part of cold 
and 0-5 part of boiling water; its aqueous solutions are gradu¬ 
ally decomposed from the growth in them of fungus. It is used 
in dyeing and calico-printing, for effervescing medicines, baking 
powder and similar preparations. Calcium sulphate, free sul¬ 
phuric acid and lead (as mentioned above) arc apt to be present 
in commercial tartaric acid. 

Citric Acid, C s ir 4 (OH)(COOH) 3l occurs in the acid juices of 
many fruits, but is commercially obtained from the lemon, the 
lime and the bergamot. The fruits are pressed and the juice 
concentrated before importation into this country. Citric acid 
occurs to the extent of about fi per cent, in lemon juice and 
40^per cent, in the concentrated juice. 'The concentrated juice 
is run into a mixture of chalk and water, and the. liquor is 
heated, calcium citrate being precipitated; after filtration the 
calcium citrate is treated similarly to the calcium tartrate ob¬ 
tained in the manufacture of tartaric acid (r.s.). 

The commercial acid is liable to contain the same impurities 
as those in tartaric acid. Its uses are similar to those of tartaric 
acid. 

Tartaric and citric a. ids intended for use as food or medicines 
should be free from lead. This impurity is found both as scraps 
of metal derived from the scraping of the pans used in concen¬ 
tration and also combined with the acid. Verification from 
lead is effected by conducting the preparation in the usual 
manner up to the first crystallisation of the arid, redissolving 
the product, treating if- with sulphuretted hydrogen and com¬ 
pleting the crystallisation in non leaden vessels. Since lead 
sulphide is by no means completely insoluble in tartaric and 
citric acids, a better method would consist in the avoidance of 
the use of leaden vessels throughout the manufacture. 

Benzoic acid, C 5 II 6 OOOli, was originally prepared from gum 
benzoin—in which it exists already formed—by sublimation; that 
useif for medical purposes jf> stiUnprepared in this manner. It. is 
also manufactured from liippuric acid, <'H 2 N 11^11^00)00011, 
by boiling the urine of herbivone, which contains this acid, with 
• strong hydrochloric acid; the hippuncacid undergoes hydrolysis 
according to the equation— 

CH 2 NH(C u H*C 0)C00H + HOH = CH 2 Ni* 2 COOH + C 6 H 5 COOH. 

Hippuric acid. Glycocoll. Benzoic acid. 

The benzoic^acid crystallises wjien.tlie liquid cools, beij>q 
sparingly soluble in oofd watu f ; tlm origin of the crude acid 
is suggested by its odour. t 

Much benzoic acid is now made from coal tar, toluene being 
chlorinate and the products hydrolysed.by foiling witlf vtotar 
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under pressure. Most of the benzoic acid required for the manu¬ 
facture of synthetic dyestuffs is obtained as a bye-product in the 
conversion of benzal chloride into benzaldehyde (q.v.), much of 
the benzaldehyde being oxidised during the process into benzoic 
acid or its calcium salt. Benzoic acid prepared from coal-tar almost 
always contains small quantities of chlorinated compounds. 

*** Salicylic acid, C G H 4 (OH). COOH, is obtained in limited 
quantity (“natural salicylic acid”), for special medical pur¬ 
poses, from methyl salicylate (oil of wintergreen) by hydrolysis. 
The bulk of the commercial acid is, however, prepared from 
phenol. This compound, C 6 H 5 OH, is converted into a phenylate 
by heating it with soda or lime, and the product is submitted 
to the action of CO., at the ordinary temperature so long as the 
gas is absorbed; sodium phenyl carbonate, CO(ONa)(OC 6 H 5 ) 
(or the calcium salt), thus formed, is heated under pressure, at 
120° to 140° C. = 248° to 284° F. The salicylate produced (e.g. t 
C„II 4 (OH)COONa), which is isomeric with the sodium phenyl 
carbonate, is converted into salicylic acid by treatment with HCl. 
The acid crystallises in needles and dissolves sparingly in cold 
water, but readily in hot water; it melts at 155" 0. = 311° F. 
It is used in large quantities for preserving articles of food or 
drink. Its physiological harmlessness is not beyond question. 

Saccharin is a benzoic acid derivative, used as a sweetening 
agent. It is prepared by treating toluene with sulphuric acid at 
a temperature not exceeding 100° C. = 212° F., when a mixture 
of ortho- and para-toluene sulphonic acids, 0 G H 4 (CH 3 )SO 2 OH, in 
about equal proportions, is formed. The mixture is oxidised 
with dilute potassium permanganate solution, yielding the 
corresponding benzoic acids, C a H 4 (C00H)S0 2 0H. The potas¬ 
sium salts of these acids are treated with phosphorus penta- 
ehloride, giving chlorides of the form, C a H 4 (C0Cl)S0 2 Cl. On 
treating these bodies with ammonia, the para-derivative yields 
the diamide, C a H 4 (C0NH o )S0 2 NH 2 , whilst the ortho-compound 
gives ammonium orthosulphamido-benzoate, 
v C 6 H 4 (80 2 NH 2 )C00NH 4 . 

These are separated by the greater* solubility of the latter in 
water; its aqueous solution when decomposed with an acid, 
/CO , 

yields saccharin, C 6 H 4 / anhydro-orthosulphamido- 

' SO../ 

benzoic acid, or benzoic sulphimide. Several similar sweetening 
substances are now synthesised commercially.* 

* The use of saccharin has recently been much restricted by the imposi¬ 
tion of very heavy duties on il in the interestr of the sugai'manufacturers. 
In Germany its use is altogether forbidden by law, except for medical 
purposes, the makers of saccharin having received compensation from the 
Government. It should be said that saccharin remains entirely unabsorbed 
by tfieanimal systeip ; sugar, on Che other hand, possesses a h gh value as 
a food constituent. 
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II. SALTS.—Chromates and Biohromates.— The source 
of chromium for the manufacture of these salts is invariably 
chrome iron ore (chromite), which, when pure, is a ferrous 
chromite, Fe0.Cr 2 0 3 ; average samples contain 40 to 50 per 
cent. Cr 2 0 3 . The FeO is often replaced by other oxides of the 
same type, especially MgO, as seen in the following example :— 
O 2 0 3 , 51-20; AU> 3 , 12-80; Fe.,0 3 , 1-45; FeO, 1332; MgO,, 
12-55 ; CaO, 3*15Si0 2 , 4-95 ; CO.,, 0 20 per cent. 

The preparation of chromates from this material depends upon 
the fact that 0 r. 2 O 3 in the presence of air and a strong base, is 
readily converted into chromic anhydride, OrO.,, which forms a 
chromate with the base. It will be obvious that the cheapest 
base to use is lime, but soda ash (Na.,C0 3 ) is generally employed 
as an auxiliary to render the mass plastic when hot, and thus aid 
reaction. About 6 parts of ore, 3 of chalk or limestone, and 3 of 
solfa ash are finely ground and intimately mixed, and roasted in 
a reverberatory furnace provided with a terraced hcd, in order that 
the charge, by being rabbled from one bed to the other, may ho 
subjected to a gradually increasing temperature, and fresh 
surfaces may be exposed to the air. Mechanical furnaces are 
now used for this purpose. Gentle heating is requisite at first 
(this occurring on the highest portion of the bed) to prevent 
fluxing before efficient oxidation lias taken place. When this 
operation is propeny conducted, conversion into chromate is 
almost perfect, the essential reaction being expressed by the 
following equation :— 

2(FeO.Cr 2 Oa) + 4C'a() + 07 = Fc 2 0» + 4CaCrO*, 

the roasted mass is removed from the furnace, when it consists 
largely of calcium chromate and sodium chromate, together with 
ferric oxide, derived from the oxidation of the ferrous oxide of 
the ore; it is then heated with a solution of soda ash, whereby 
the calcium chromate is transformed into the sodium salt, 
Na 2 Cr0 4 ,* and the calcium left as carbonate. The solution is 
filter-pressed from the sludge, and evaporated until a specific 
gratify of 1*5 is attained. Sulphuric acid is then added in 
quantity sufficient to con^rt the sodium chromate into bichro¬ 
mate, anhydrous sodium sulphate being thrown down ; the 
, solution is evaporated until sodium bichromate, Na 2 Cr 2 0 7 .2H 2 0, 
crystallises. The yield is about 90 per cent, of the calculated 
quantity. The ?alt is deliquescent, and on this account its 
purification by washing is less easy than id that of the correspond¬ 
ing potassium salt; it j£ usually separated from the mother 
liquor by a centrifugal machine and girted. It is often stated 
that a monetary adv ihfge arir 1 f roiu the use of sodium instead 
of potassium bichromate, on account the lower atomic weight 

* Na 2 Cr0 4 crystallised with 10 mols. of water, and is isomorploim with 
Glaubers salt, 5a2SO4.10H 2 O 
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of sodium increasing the percentage content of Cr0 3 ; this is 
erroneous, since the sodium salt crystallises with 2 mols. of 
water, and has a molecular weight slightly greater than that of 
the potassium salt, which is anhydrous. The real advantage is 
due entirely to the difference in price of the two salts, owing to 
the cost of sodium salts being lower than that of the correspond¬ 
ing potassium salts. 

Potassium bichromate, K,Cr,0 7 , is prepared by double decom¬ 
position of sodium bichromate with potassium chloride. lb 
crystallises in large orange anhydrous crystals, which are easily 
purified by washing or by crystallisation, on account of their 
moderate solubility. 

A modification of the method described above for obtaining 
chromate from chrome iron ore consists in utilising the properly 
of calcium chloride to form a flux for lime, and to induce its 
union with anhydrides at a moderate temperature. f 

A finely-powdered mixture of the ore and limestone is made 
into a paste with slaked lime and calcium chloride solution ; the 
paste is moulded into bricks, which are fired in a kiln to eaustiei.se 
the lime and thus cause their texture to be porous from the 
escape of 00,. It is claimed that exposure to air after firing 
completes the oxidation, so that the bricks can be systemati¬ 
cally leached, and the very soluble calcium chloride washed out, 
accompanied by comparatively little of the less soluble calcium 
chromate, which can be converted into the sodium or potassium 
salt in the usual manner. 

A suggestion 1ms lately been made for preparing bichromate 
from chromate by electrolysis, the bichromate appearing at the 
anode and caustic alkali at the cathode. 

Chromic anhydride, commonly called “Chromic acid,” Cr0 3 , 
is prepared by pouring a cold saturated solution of Ko0r 2 0 7 
into strong sulphuric acid with constant stirring; the 0r0 3 
separates in crystals. It is customary to substitute the crude 
calcium chromate for the potassium salt. Owing to the method 
of preparation it is frequently contaminated with sulphuric acid. 
The crystals are deliquescent. f > 

For other chromates see Pigments pY ol. II., Chap. XV. 

Manganates^and Permanganates.—Manganates are pro¬ 
duced by the ignition of any compound of manganese in the 
presence of air, and in contact with a strong base. The action 
proceeds most readily with an alkali, although baryta will serve 
the same purpose, arid is indeed used in the preparation of 
Cassel’s green, a pigment consisting of barium manganate. 
An equation representing the formation of sodium manganate, 
from the cheapest form* of Manganese, the dioSfide, is given 
below:— * 

MnOj + 2NaOH + 0 2 ' = Na a Mrf0 4 + H 2 0. 
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More rapid and vigorous oxidation can bo secured by the use 
of other oxidants than air— e.g., nitrate or chlorate. 

The alkali inanganates prepared in this way are stable in 
strongly alkaline solutions; such solutions of inanganat.es are 
green; iuanganates cannot be crystallised from solution, however, 
because in pure water they break up in the following manner :— 

3Na,Mn0 4 + 2fLO = Na,Mn,() 8 + MnO, + 4NaOlb* 

Sodium permanganate, thus ibrmod, is not easily crystallised, 
but the potassium salt, K.>Mn.,O s , crystallises readily in red 
prisms; it is similarly prepared. The iuanganates and perman¬ 
ganates are used as oxidising agents; thus sodium manganate, 
being the cheapest, serves as a disinfectant. When the alkalinity 
essential to the preservation of a manganate is objectionable, 
potassium permanganate is substituted tor the sodium suit* 
&s # it can be prepared in a state* of purity. Potassium perman¬ 
ganate is also used for producing manganese brown (hydrated 
M n0. 2 ) on cotton fabrics, and also for staining wood ; both uses 
depend on the ease with which permanganates are reduced by 
organic substances. 

Sulphates.—Blue Vitriol or Blue Stone, Copper Sulphate, 
0 uS() 4 .5H.,O. -'I’llis salt is mainly a bye-product and may be 
prepared in a variety of ways according to the raw material 
available. Thus it may he prepared by the direct; dissolution 
of copper in sulphuric acid, as in the part'ng of gold from silver 
and copper by the action of boiling oil of vitriol. When silver 
and gold alone are parted by sulphuric i cid, the silver is re¬ 
covered by precipitation with copper, an equivalent, of copper 
sulphate being formed ; a considerable quantity of pure copper 
sulphate is thus obtained. In order to save acid when copper 
sulphate is the main product, the preparation may be effected 
by treating granu’latod copper, spread on the perforated false 
bottom of a suitable vessel, with a spray of dilute sulphuric 
acid, which gradually attacks the copper in presence of air; the 
copper being oxidised at the expense of the air instead of nfc 
thatiof the sulphuric acid. Larje quantities of copper sulphate 
are obtained from the selection vats used in electrolytic copper 
refining. 

Advantage is also taken of the ease with which copper sul- 
'phide can be oxidised to sulphate by air at a dull red heat. 
Thus scrap copper may be heated with sulphur and then oxidised 
by roasting, or crude sulphide of eoppdb obtained in the dry 
process of winning copper imy Ife similarly oxidised. Copper 

• 

* The whole tlu manganese tin obtained as a permanganate 
treating the manganat with*chlor\ > \ bromine, thus: 

2K,Mn0 4 + Cl, =i 2KCI + K,Mn,O g . 

Compare th% production of K 3 FeCyg fr<jw K 4 FeCy 6 . 


29 
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sulphate from this source is'Kahle to contain both iron and 
nickel. When a product free from iron is required, the tempera¬ 
ture of the roasting is raised to such a point that any sulphate 
of iron is decomposed, leaving ferric oxide as an insoluble resi¬ 
due easily separated from the copper sulphate. Sulphates other 
than ferric sulphate— e.g., ZnS0 4 .7H 2 0—have a strong tendency 
to crystallise with copper sulphate and form mixed salts. This 
arises from the fact that the members of the class of sulphates 
known archaically as the vitriols, tend to crystallise with the 
same number of molecules of water, either 7H 2 0 or 5H 2 0, and 
to assume the same form. Since ferric sulphate is not a “vitriol,” 
iron may he separated from copper sulphate by oxidation and 
crystallisation. The chief uses of copper sulphate are the pre¬ 
paration of agricultural germicides, the production of a black 
dye with logwood, and the preparation of electrolytic baths 
Ferrous Sulphate, Copperas, or Green Vitriol, FeS0 4 .7IT„0.— 
The chief supply of sulphate of iron is obtained as a bye-product 
in the manufacture of cement copper, by precipitating this metal 
from a solution of its sulphate bv means of scrap iron (see Copper , 
Yol. I.). It is also obtained by the direct treatment of iron 
scrap with sulphuric acid, especially the spent acid left after 
the process of purifying mineral oils (q.v.). It is, moreover, a 
bye-product of the manufacture of alum by the oxidation of 
pyritic shale. The ferrous sulphide left by distilling iron pyrites 
for the sake of obtaining a fraction of its sulphur (see Sulphury 
Yol. II., p. 1) is also weathered and leached for ferrous sulphate. 

The solution, however obtained, is allowed to crystallise on 
wooden rods, and is put upon the market as green vitriol. 

Black vitriol is a term applied to a very crude sulphate of iron 
containing the sulphates of copper and nickel and some ferric 
sulphate. It is a bye-product in the precipitation of copper in. 
the Mansfeld process. A factitious “ black vitriol” is prepared by 
staining common green vitriol with a little gallo-tannic acid. 

Green vitriol readily oxidises in air, losing water at the same 
time and becoming converted into basic iron sulphate, brown in 
colour and incompletely solu-ble in water. When crystallised 
from an acid solution its tendency to oxidise is diminished. 

The chief uses of ferrous sulphate are as a co-colouring matter 
for logwood ( q.v.)y as a sewage preclptant and disinfectant, for 
making inks and as a reducing agent— e.g., in the preparation of 
the indigo vat. It isj soluble in about one ‘and' a-half times its 
weight of cold water. 

Ferric sulphate, Fe 9 (S0 4 ) 8 , l 'is now prepared to some extent by 
,,ihe oxidation of pyrites and treatment with sulphuric acid, the 
product being used as a substitute fot aluminium sulphate for 
the defecation of sewage. 

Ziifc sulphate, white vitriol, ZnS0 4 .7H 2 0, may be prepared by 
leaching roasted enlnKidfi nr hv dissolving 2.nc Reran in 
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sulphuric acid. It finds a limited use in the preparation of 
pigments— e.g. } Orr’s white zinc (</.v .)—in calico-printing and 
dyeing, and as a drier for oils (<pv.); its use in pharmacy is 
chiefly as an astringent. 

Aluminium Sulphate.—This is used both per se and in the form 
of alum. The name alum primarily applies to potassium al¬ 
uminium sulphate, K A1(S0 4 )... 12ILO, but lias been extended in 
significance to all salts of the'type fl / ll / "(SO 4 ) 2 .12H o 0 which are 
isomorphous. 

Alum can be prepared from most minerals rich in alumina, 
but a few offer special advantages. Particularly is this tin; ease 
with the mineral known as alum stone (dfuuite), which contains 
an anhydrous double sulphate of aluminium and potassium asso¬ 
ciated witli aluminium hydroxide. An analysis of such material 
is%s follows:— 
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The preparation of alum is effected by roasting this alum 
stone at a temperater •• of about 500° 0. — 932° F., and extracting 
the roasted product with sulphuric acid (specific gravity 1\0), 
the solution being then allowed to crystallise. When water is 
used to leach tin* roasted stone, tlm basic double sulphate of the 
form K.,< t.SOjj. Al 2 O a .2!SO # is produced ; this crystallises in cubes 
instead of the octahedra characteristic of ordinary alum, and on 
account of its basic constitution is neutral in reaction, whereas 
ordinary alum is acid to litmus. On this account it is used in 
some cases where acidity is objectionable. 

Pyritic shale is another source from which alum can be pre¬ 
pared. Some of this, particularly that of South Lancashire, is 
sufficiently carbonaceous to serve as its own fuel in the burning 
process necessary to bring abou^ the oxidation of the pyrites 
destined to furnish the sulphtric acid which attacks the aluminous 
material (clay). The sulphate of alumina thus fonmed is extracted 
by systematic leaching. A-‘ : a portion of the sulphur remains 
In the form of ferrous sulphide, after roasting, long exposure to 
air before leaching*is advisable, so that the oxidation of this 
ferrous sulphide may yield ferrous sulphate, which is useful in 
the conversion of the alumin’ sulphate into alum (v.i). 
The solution of crude aluminium sulplmte is evaporated in 
tanks over w^iich the !*ot gtse$ *of 4 reverberatory furnace 
are led, and when s.anciently concentrated (e.g. f specific gravity 
1*4), the solution is g transfer*^ to precipitating tanka and 
treated witja potassium chloride or#»ulphate, alym being tnfoyn 
down. Potassium chloride (the cheaper jfiaterial) can be used 
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when sufficient sulphate of iron is present to yield with it 
potassium sulphate and iron chloride. The crude precipitate 
is purified by crystallisation. Alum is chiefly prepared now¬ 
adays from aluminium sulphate, which is manufactured by 
decomposing clay with sulphuric acid. 

The clay should be free from calcium carbonate, which con¬ 
sumes M.,S0 4 uselessly. When a “fat ” clay— e.g china clay-—is 
used, it should he dehydrated by gentle roasting to render it 
porous. H is treated with H 2 &0 4 (specific gravity 1*5) in lead 
pans, and tin* mass allowed to solidify; this is either sold as alum 
cake, containing the bulk of the silica of the clay, or it may be 
purified and sold as sulphate of alumina, or used for the prepara¬ 
tion of alum. 

Alum contains about 10 per cent, of alumina; alum cake 
contains about, 12 per cent, of A1 2 0 3 and 22 per cent. Si0 2 , 
'flic chief advantage of alum is that, having been crystallised, it 
is purer than other aluminous products. For most purposes 
both alum and alum cake should be as free as possible from iron 
and uncombined sulphuric acid. A crude form of aluminium 
sulphate is sold under the name of “ alumino-lerric ” as a pre¬ 
cipitant tor purifying waters. Burnt alum is calcined alum. 

Alum and aluminium sulphate are used chiefly by the dyer 
as mordants; they are. also employed by the paper maker and 
the leather dresser. 

Ammonia alum, NT1 4 A1(S0 4 ) 2 .12H 2 0, is similarly prepared, 
(Nll 4 ) 2 S0 4 being substituted for K 2 S0 4 in the process. 

Chrome alum, potassium chromium"sulphate, K0r(SO 4 ) 2 .12H 2 O, 
is strictly analogous in composition and crystalline form to 
common alum. It is obtained as a bye-product in the manufac¬ 
ture of alizarin by the oxidation of anthracene with potassium 
bichromate and sulphuric acid (see Alizarin , Vol. II., p. 300). 
it is used as a mordant for chrome tanning, and for rendering 
substances containing gelatine insoluble. 

Potash Salts. —The fnain.source of potassium salts, at the 
present day, is the deposit loujitl at Stassfurt, near Magdeburg, 
'flie salts there found appear to ha\e resulted from the evapora¬ 
tion of sea watv.r, which has successively deposited the salts it 
contains in an order determined brr their solubility, relative 
abundance and mutual reactions. The salts last to bo separated 
constitute Stassfurt salts, and their occuitencg as an isolated 
patch in a bed of the commoner salts of sea water, extending 
over a much more considerable area, is to be accounted for by 
the escape of the bulk of the mother liquor from the remainder 
of the area, this having 'h«en brought about by geological 
disturbances. Many double salts occur in the Stassfurt de¬ 
posits! The chief are carnallite, KC,'.MgCl 2 .6H 2 0, kainite, 
lfi 2 S0 4 .MgS0 4 .MgCio.6H,0,-kieserite, MgS0 4 .H 2 G, anhydrite, 
CaS0 4 , associated wi f h '.arge quantities of rock salt, NaCl, and 
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various minor salts, viz.:—polyhalite, MgS0 4 ,K 2 S0 4 .20aS0 4 . 
2H..O, boracite, 6Mg0.8B 2 0 1{ .3Ig01. 1 , Ac. 

The general principles of separation adopted for all these salts 
depend on the alteration of the solubility of each salt by the 
influence of the accompanying salts, and the separation thus 
induced either of a simple salt or of some double salt. By 
varying the conditions, selective separations can be favoured. 
The chief raw material is crude carnallite, which contains about 
00 per cent, of pure carnallite, 20 per cent, of common salt and 
15 per cent, of kieserite, the balance consisting chieHy of an¬ 
hydrite. 

The process now generally adopted of obtaining potassium 
chloride from carnallite, consists in treating the crude material 
with a solution containing about. 20 per cent, of MgOl., (obtained 
as a mother liquor from previous operations''. The carnallite 
alone is dissolved in considerable quantity, and the solution thus 
obtained deposits on cooling crystals which an; mainly KGl. 
These are purified by systematic washing, and when dried con¬ 
tain from 80 to 1)0 per cent., of K (. T. 

The mother liquors from the potassium chloride are evapo¬ 
rated in pans, having Hues passing through the liquid in the 
manner of a locomotive boiler. Sodium chloride first separates 
in crusts which settle on the bottom, thus rendering beating 
from below undesirable, and the mother liquor yields artificial 
carnallite (returned to the main process') on cooling. The final 
residual liquid is rich in magnesium chloride, and is worked up 
for bromine. 

The residue left in the first extraction of the crude carnallite 
is mainly common salt (50 to 55 per cent.), with much kieserite 
(25 per cent.), some potassium and magnesium chlorides and a 
good deal of anhydrite (10 per cent.). The sludge is chiefly 
valuable for the‘magnesium sulphate, which it contains in the 
form of kieserite, that salt being insoluble in water until it 
passes into the form of Fpsom salts, MgS() 4 7}J 2 0, a transition 
delayed by the presence of magnesium chloride in the water. 
B\* washing this sludge with vyiter on to an inclined sieve, the 
bulk of the water flows Away whilst sufficient passes over the 
surface of the sieve with the sludge to rea«tfb slowly with the 
kieserite to form cakes oiblock-kieserite, containing MgS0 4 .3H 2 0 
and some insoluble matter, mainly 0a-S0 4 . 

Kieserite gludge is also worked up for Glauber’s salts by 
treating it with an equivalent quantity of NaCl, which at a 
temperature of about 0° C. £2° F. enters into double decom¬ 
position on Recount of the sparing solubility of Na 2 SO 4 .1071nO , 
(Glauber’s salt) at low itemperM.itres. # ’Phis process can only be 
carried out in winter, unless it be practicable to cool artificially. 

The large quantity of magfiesium chloride obtained f.s a bye- 
product hi the manufacture of petash salts,Jinds little ftpplica- 
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tion, although attempts have been piade to use it as a source of 
chlorine, as in the Pechiney process ( q.v .). 

Potassium sulphate is sometimes prepared from kainite—the 
chief market for which, however, is in the raw state as a manure 
—by treatment with KC1, which reacts with the MgS0 4 , forming 
magnesium chloride and potassium sulphate, this last-named salt 
being easily crystallised from the liquor. It is used as a manure 
and a source of potassium salts. 

The final mother liquor from the working up of the Stassfurt 
salts is used for the preparation of bromine (q.v.). 

Although Stassfurt salts yield a large proportion of the potash 
salts of commerce, yet considerable quantities are obtained from 
other sources, the chief being wood ashes, residues from beet 
sugar and suint. Sources of purely mineral character are sea 
water, orthoclase and potash mica. v 

Potassium chloride is but little used as such, but serves as a 
starting-point for the preparation of most other potash salts. 
An example of its use is afforded by the conversion of sodium 
into potassium nitrate in the manufacture of gunpowder (Voi, 
II., p. 424). 

Potassium Carbonate, or Potashes, K 2 00 8 .—The conversion of 
KOI into K 2 C0 3 is effected by the Leblanc process* (see Soda 
ash , Vol. II., p. 30), which is worked in the same manner as 
that used for soda, with a few modifications, due to the greater 
chemical activity of the base. Thus, mu files (blind roasters) are 
not used in the conversion of the chloride into sulphate, because 
of the high temperature requisite. 

The decomposition of potassium sulphate in the revolver, 
corresponding with the black-ash process, is less easily effected, 
and the product attacks the lining more readily than does black 
ash. The extraction of the roasted product is performed as for 
soda, and the liquor is evaporated to the point at which K 2 SU 4 
separates, followed by K 4 FeCy 6 (resulting from the interaction 
of the potash, iron—present as an impurity—and the carbon and 
nitrogen of the coal). The crude ferrocyanide is recrystallised 
for the market. The mother liquor is evaporated to dryness 
and calcined in a reverberatory furnacf. Sometimes the liquors 
are carbonated before calcination, when the product contains 
some 87 per cent, of K. 2 C0 3 , and is marketable; otherwise the , 
crude potash is leached out and separated from insoluble 
impurities, and the solution evaporated t<y dryness. Such 
refined potash contains ibout 98 per cent, of potash, calculated 
as K 2 CO s , 

Caustic potash, KOH, is prepared from K 2 00 3 by t eausticising 
with lime in the same maimer^ is practised for caustic soda; 

* The ammonia process cannot be used* owing to the great solubility of 
potassium' bicarbonate in water. 
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it is used chiefly for making soft soap, and for preparing oxalic 
acid ( g.v .), 

In America, Russia, and Scandinavia much potash (pearl-ash) 
is made from wood ashes. The percentage of potash varies with 
the nature of the wood, being, for instance, about 0*4 per cent, in 
pine wood, and 0*15 in oak wood ; in most cases, however, the 
percentage on the ash is about the same—viz., 10 per cent. 
The wood ash is” systematically extracted in wooden vessels 
fitted with perforated false bottoms, and the liquor, containing 
about 25 per cent, of salts, is evaporated in cast-iron pots; the 
residue is calcined. A good deal of sulphate is removed during 
evaporation. The crude potash may be purified in the manner 
described above; on an average it contains (10 per cent, of 
K 2 C0 3 , the balance consisting of KCI, K..SO,, and JSa.,00 3 . 

-A large quantity ot potash is obtained from the residues left 
after the extraction of sugar from beet. The beet molasses con¬ 
tain the total potash salts of the root, amounting to 0 5 per cent.., 
calculated on the weight of the root. This material is either 
ashed directly, yielding schlempekolile, or it is dosaceharised or 
fermented (seo Beet Smjar, Vol. II., p. 187), and (ho final liquors 
(vinasse or SChlempe) from these processes are evaporated to dry¬ 
ness and the residue calcined. Instead of this direct conversion 
into a char, it is sometimes customary to distil destructively the 
liquor, whereby it i.. carl ionised, and much ammonia, methyl 
alcohol and trimethylamine come over from the organic: con¬ 
stituents, which are ricli in nitrogen. Ry further heating the 
trimethylamine hydrochloride—obtained by absorbing the gas 
in hydrochloric acid and evaporating the- liquor until the less 
soluble ammonium chloride has crystallised—much methyl 
chloride is obtained, and is condensed by pressure for the use 
of the synthetic colour manufacturer. 

The final char,* however obtained, is a black porous mass 
containing about 30 per cent, of K 2 C0 3 and 20 per cent, of 
Ka 2 C0 3 , the remaining soluble salts consisting chiefly of K 2 H>(L 
and KOI. The liquor obtained by leaching Urn char is evaporated 
in ft’on pans heated by steam # coils, until K 2 S0 4 crystallises, 
from which the mother lifjuor is run off; further evaporation 
causes the crystallisation of KOI, this and tfie sulphate being 
sold as such or used for making Iv.,00., by the Leblanc process. 
The mother liquor is further concentrated until Na 2 C0 3 . H.,0 
separates in tfie hot liquid, which is run off, and on cooling 
deposits more KOI. The next salt to # separate is the double 
carbonate, KoCOj.NagCOlp. 12! 1 /), which is returned to a fresh 
quantity of liquor or is decomposed *by a second crystallisa¬ 
tion. The nnal mother*liquor i* taken, to dryness and calcined 
for potassium carbonate, the product containing about 85 per 
cent. K 2 C0 3 and* 8 p»r cent. Isa 2 C0 3 . j 

Anotheh source of potash is “yolk” jr “ suint ” wool, 
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resulting from the sweat of the animal. The raw wool is 
systematically extracted with cold water, whereby the potash 
soaps, together with some of the neutral fat and cholesterol, are 
extracted. The solution is evaporated to dryness and calcined, 
giving a residue containing about 85 percent, of K 2 00 3 , the 
remainder being Na 2 C0 3 , together with K 2 S0 4 and KOI. This 
crude potash may be purified in the usual way. 

Potassium percarbonate, K 2 C 2 0 6 , has lately been prepared 
and used as an oxidising and bleaching agent. It is obtained 
by electrolysing a solution of potassium carbonate, saturated at 
- 10° C. (14° F.) to - 16° 0. (3° F.), using a current of 5 volts. 

A diaphragm must be interposed between the two electrodes, 
which are preferably of platinum. The percarbonate separates 
out as a bluish salt at the anode. The salt readily gives up 
oxygen, being decomposed by water at the ordinary tempera¬ 
ture. Sodium and ammonium percarbonates have also been 
obtained, and behave similarly 

Ammonium persulphate, (NH 4 ) 2 S 2 0 8 , and other alkali per 
sulphates have also lately been used as oxidising agents. These 
salts are prepared by electrolysing cold saturated solutions of 
the sulphates, using a high current density and a potential of 
about 15 volts. A diaphragm is interposed between the elec¬ 
trodes; the persulphate separates out in the anode compart¬ 
ment. The property which ammonium persulphate has of 
oxidising many aromatic bodies to the corresponding hydroxyl 
derivatives has found technical application. Generally, it acts 
as an energetic oxidant. In the dry state it is quite stable, 
even at 100° C. =-- 212° F. 

Sodium peroxide, Na.,0 2 , is prepared by leading hot dry air, 
free from carbon dioxide, over sodium at a temperature of about 
400° G. -r: 852° F. It is a strong oxidising agent. Solutions oi 
alkali peroxides are also obtained by heating alkali nitrates 
with lime or magnesia to redness until the nitrate is decom¬ 
posed, then leading pure air over the mass at 500° 0. = 932° F., 
and lixiviating with water. T&e liquids obtained are used in 
bleaching. t 

Strontium Salts. — Strontium obcurs both as carbonate 
(strontianite, SrCl) 8 ) and sulphate (ccelestine, SrS0 4 ). These 
minerals are worked up for strontium‘nitrate and hydrate, the , 
sole compounds of this metal which are of technical importance. 

Strontium nitrate, Sr(N0 3 ) 2 , is prepared by dissolving the 
carbonate in nitric acia. If the native carbonate can be pro¬ 
cured sufficiently free from other bases, which would consume 
nitric acid, this mineral ipay be used. The carbo/aate is some¬ 
times made from ccelestine by fusing it w?th soda ash and leaching 
out the sodium sulphate formed by the double decomposition 
SrSO, -to Na.,C0 3 = SrC0 3 + Na 2 S0 4 . 

Sfc-ohtium nitrate dissolves *iu twice its weight of wdcer at the 
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ordinary temperature, and in its own weight at 100 * 0 . =* 212 * F. 
It is much used in pyrotechnv for the sake of the red colour 
which it imparts to a flame. 

Strontium hydrate, Sr(OH).,, is now largely employed in sugar 
refining (Vol. II., p.,189). Strontium carbonate can be burnt 
to strontia (strontium oxide, SrO) just as calcium carbonate can 
be burnt to lime; but the temperature required is very much 
higher than that at which limestone can be burnt. By heating 
the carbonate in superheated steam, it can be directly converted 
into hydrate at a low red heat. 

More generally, strontium hydrate is produced from the sul¬ 
phate ; the conversion is not easy, and many processes have 
consequently been devised to oiled it. Cuelestine is roasted 
with equal weights of coal ami iron oxide, (brown iron ore); 
strontium sulphide is probably formed, for when the mass is 
lixiviated with water, ferrous sulphide remains undissolved, 
whilst the solution contains strontium hydrate. 

SrS0 4 f C 4 SrS -i- 4CO; Fe,() a + C ^ lM’YO CO. 

»SrS + KoO ILO - Si (OI lb | l«YS. 

I?y another process, cmlestine is ground, mixed with coal and 
roasted to sulphide ; the sulphide is extracted with water, and 
the solution mixed with caustic soda solution. The reactions 
involved may be ieprescnted by the equations— 

(1) ItSrS 1 - *.JHJ) - Sr(OH)o + Sr(SII)._,; 

(2) Sr(SH ) a + 2N;iOII Sr(OH)„ - 1 - 2NaSH. 

The strontium liydrate crystallises from the liquor, and is 
recrystallised; the sodium hydrosulphide is converted into car¬ 
bonate by passing (J 0 2 through the mother liquor, and eausticised 
for further use. 

Strontium hydrate crystallises from water in the form 
Sr(OH) 2 .8H 2 0, dissolving in 60 parts of cold water and 2’4 
parts of boiling water, it is less poisonous than barium hydfate.* 

Barium saltsare prepared froth the nativecarbonate(witherite), 
aritl sulphate (heavy span by processes analogous to those used 
for strontium. • 

Baryta (barium oxide, BaO) is obtained/ by igniting the 
nitrate, or by the intense) ignition of the carbonate, either 
alone or mixed with carbon. On heating baryta to dull red¬ 
ness in a current?of air free from moisture and carbon dioxide, 
barium peroxide, BaO.„ is formed. Tltis is chiefly used for the 
preparation of hydrogen perr.rde, H 2 0 2 ; for this purpose the 
barium peroxide is decomposed by ctold dilute hydrofluoric, 
sulphuric, or phosphoric acicV # or *by carbon dioxide uifder^ 
pressure in the presence of water. Solutions of hydrogen per-« 
oxide can be concentrated 'and distilled in vacuo, the pure 
substand! boiling at 84° C. = I85°«F. under ^ pressure 01 * 6 ., mm. 
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It forms a colourless liquid, easily decomposed into oxygen and 
water. Baryta is also used for the manufacture of oxygen (see 

Vol. I.). 

Barium chloride, BaCl 2 .2H 2 G, is used to a certain extent 
for softening water for boiler use (see Vol. I.), and barium 
carbonate for decomposing objectionable sulphates in clay in¬ 
tended for the preparation of tiles and similar goods. Soluble 
barium salts are strongly toxic. 

III. HALOGENS.—Bromine.—The chief source of bromine 
is the end liquors of the separation by crystallisation of the 
salts from sea water or of the Stassfurt deposits. Sea water 
contains about 2 ozs. of bromine per ton, whilst the mother 
liquor from the working up of carnallite in the Stassfurt process 
contains as much as } per cent, of bromine or 5\ lbs. per ton. The 
preparation from these liquors is dependent upon the fact tlipt 
bromine is more readily expelled from its salts than is chlorine 
by a suitable oxidising agent in the presence of an acid. It was 
at one time customary to distil the liquor with such an oxidising 
agent—viz., manganese dioxide and sulphuric acid. Nowadays, 
however, chlorine is generated from Mn0 2 and HC1 in a separate 
still, and the liquors are treated systematically with the gas, 
the bromine being liberated. The concentrated liquor, contain¬ 
ing the bromine chiefly as MgBr a , trickles into a tower fitted 
with a perforated plate, serving to distribute the liquid over 
a large number of earthenware balls with which the tower 
is filled;* this packing is supported by a perforated false 
bottom, beneath which the chlorine enters. The bromine 
liberated from the liquor as it meets the ascending chlorine, 
passes through an exit pipe at the upper end of the tower, and 
is condensed in a stoneware worm. The partly spent liquor, 
still containing some bromine and chloride of bromine, passes 
into another vessel, which remains full of the liquid since the 
outlet for the completely spent liquor is brought up from the 
bottom to the level of the top of the vessel. Steam is blown into 
the bottom of this vessel and is distributed by baffle plates; by 
this means the remainder of the bromine is expelled chiefly* :is 
bromine chloride, and passes up the tovfer together with the fresh 
chlorine, which enters at the top of the heating vessel. By 
adopting this second vessel, not only ie the liquid freed from 
bromine, but the bromine chloride which it yields is, to a great 
extent, decomposed by contact with fresh magnesium bromide 
in the tower. After the main quantity of bromine has been 
condensed in the stoneware worm, the residual vapour is caught 
in a small tower packed 'with iron borings and is t^ius held in 
the form of ferrous bromide, f.-qm which the bromine can be 

*A Lunge plate column (see Vitriol''Making, Vol. II., p. 8) would 
probably J>t effective. «- 



EXTRACTION OF BROMINE. 


459 


recovered in a marketable form (potassium bromide) bv double 
decomposition with potassium carbonate. 

Bromine is now also obtained trom the Stassfnrt residues by- 
electrolysing the liquors between, carbon electrodes in open 
vessels, through which the liquid is passed at a certain rate. 
Up to thirty secondary .carbon electrodes tire placed in tin* vats, 
which practice permits a current of about 110 volts to be used ■ 
this is found to give tint maximum efficiency. The bromine 
liberated remains dissolved as such in the liquid, and is separ¬ 
ated by a subsequent distillation. 

The crude bromine contains chloride of bromine, and generally- 
lead bromide and hydroearbons, the latter being derived from 
tar joints. It is shaken with potassium bromide, to decompose 
bromine chloride, and distilled in glass retorts. 

Bromine is chiefly used for the production of brtmieosins 
(?St) and for the manufacture of bromides. On account, of the 
difficulty of transporting liquid bromine it is sometimes absorbed 
in kieselgnhr, the product being termed “solidified bromine.'' 

Potassium bromide, KBr, is prepared by acting on iron with 
bromine to form an iron bromide, which is then run into a hot 
solution of potassium carbonate, whereby an oxide of iron is 
precipitated and CO., liberated, while potassium bromide remains 
in solution and is crystallised, ft is used as a sedative and Un¬ 
making silver bromide on photographic plates. 

Iodine is a characteristic constituent of seaweed, but its 
production from the ash of such plants (kelp) is now much 
diminished by the competition caused by the preparat ion of iodine 
as a bye-product in the manufacture of nitrate of soda (p. 122). 
The method of isolating iodine from (lie mother liquor of the 
crystallisation of caliche (p 1 22) is as follows:—The mother liquor 
contains about 0-5 per cent, of iodine, chiefly its sodium iodate 
(NalO a ).* It is run into wooden vats coated with pitch, ami 
treated with the-calculated quantity of .a solution prepared by 
passing SO* into sodium carbonate solution until there has been 
formed a sulphite of sufficiently, acid structure to ensure the 
saturation of the whole of the soda of the iodate with S(j„. An 
agitator is provided in order that the liquids may be thoroughly- 
mixed, whereupon the iodine separates accord tig to the equa¬ 
tions— , 

(1) 2NaIO, 4 liNallSOj = 2Na.,SO s + 2HI0 3 . 

(- 2 ) JHIOj, 4 f.Nu.XC), = r>Na.,SO< 4 I, 4 il.,0. 

• 

The sparing solubility of iodine, in water allows of its direct 
recovery by subsidence; the SS lino wlucli remains in solution is 
fixed by the Addition of,a small^quantity of sodium bisulphite 
and sodium carbonate, and the liquor « returned to the boiler in 

* Highly oxidised subfjtances are* characteristic of Chili saltpetre; thus 
it contains perchlorate in addition to nitrate, iodate, and chromate* , 
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which the caliche is first extracted. The crude iodine is filter- 
pressed, when it contains about 80 per cent. I, 10 per cent, of 
water and 10 per cent, fixed matter. It is generally refined by 
sublimation in iron retorts with stoneware condensers, and 
conies into the market containing 98 per cent. I. 

The applications of iodine are not sufficiently numerous.to 
create a demand commensurate with the supply, on which 
account its price is a conventional one. Iodine is used for the 
preparation of iodeosins (q.v.) and other synthetic dyestuffs, as 
well as in medicine and in making iodides, which are also used 
in medicine and in photography. 

Potassium iodide, KI, is made, like the bromide, by taking 
advantage of the direct combination of iodine with iron. The 
compound formed appears to lie F<\, 1 8 , which is a better com¬ 
pound for the purpose than FeF, since the iron is more readUy 
separated than from the ferrous salt by double decomposition 
with an alkali carbonate. 

IV. CYANOGEN COMPOUNDS.—The heat of formation 

of cyanogen is C„N,, = - 65-7 Cal., from which it may be antici¬ 
pated that direct union of C and N can only be effected at a 
high temperature. Since the compound has acidic properties, 
the presence of a metal capable of forming a powerful base— 
e.y., 1C or Ba—favours the production of cyanogen from its 
'constituents. It is thus possible to produce a cyanide at a 
temperature below that essential for the formation of free cyano¬ 
gen. This circumstance is t,alien advantage of in a process 
which has been worked experimentally on a large scale and 
consists in heating a mixture of barium carbonate with carbon, 
in the form of pitch, in a fireclay retort through which nitrogen 
is passed, while the temperature is kept at about 1,400 0. 
*= 9,502° F. by a producer gas furnace. Since barium cyanide 
is acted on by CO., at high temperatures, the nitrogen used 
must be free from this gas, and may be conveniently obtained 
as “the waste gases from the carbonating towers of the ammonia- 
soda process (q.v.). Barium cyanide lias also been made success¬ 
fully on a small scale by heating barium carbide, BaC,, iu a 
Current of nitrogen. Calcium carbiib*, on the other hand, when 
similarly treated, yields chiefly calcium cyanamide, Ca0N. J( 
according to the equation— > 

CaC„ + N. = CaCN s + C. 

* 

This calcium cyanamide (technically known in Germany as 
“ Kalkstickstotf”) is decomposed by superheated steam* into 
calcium carbonate and "ammonia. It may also be r used directly 
fertiliser, when it is deccfn>posed first to ammonia and then 
to nitric acid by the soil 'organisms. The use of ammonia as a 
source of nitrogen for preparing cyanides has not hitherto 
preyed * very successful. Ao&ording to Costners process, am- 
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monia is led over sodium at a temperature of 300 # to 400“ 0. 

= 572° to 7f>2° F., and the resulting sodium amide, NaNH a , is 
converted to cyanide by allowing it to How through a layer of 
red-hot coke. Another method of some promise consists in 
removing the sulphur of a thiocyanate—r.y., NaOyS (c.i.)—by 
means of zinc or other metal combining readily with S. In 
Raschen’s process, which is said to work well, the thiocyanate 
is oxidised with nitric acid, the oxides ot nitrogen produced 
being recovered and used again. A fairly cheap source of 
nitrogen for the formation of cyanides, and one which has the 
advantage of being already in union with carbon, is waste 
animal matter—<?.</., leather cuttings, blood and the like. When 
such material is heated with potassium carbonate and iron 
borings, a cyanogen compound is formed. The potassium car¬ 
inate and iron are heated in a cast-iron pan set. on the hearth 
of a reverberatory furnace, the organic matter* being intro¬ 
duced after the fusion of the mass. Oxidation should he pre¬ 
vented by maintaining a reducing atmosphere. The “metal” 
thus produced is lixiviated with boiling water, and the crude 
liquor is evaporated until potassium ferrocyanide (inflow prns- 
sinte of potash), K,PeCy 6 . 3H „<>, crystallise*-. The mother 
liquor is evaporated to dryness and returned to the process, 
and the crude prussiate is reerystallised. The carbonaceous 
matter left after extraction is used for decolorising parafliu 
wax and vaseline. The reactions which prevail during this 
process are somewhat obscure. It appears that sulphur is 
necessary for their occurrence, and is present in the organic 
matter and the crude potash used. The potash reacts with 
the carbon and nitrogen of the organic matter, yielding KUN, 
which in its turn acts on iron compounds, notably FeS, formed 
in the melt, according to tin* equation 

‘ 6KCy + KcS — lv,S K 1 l , 'c('y 9 . 

The products of the destructive distillation of coal contain 
cyanogen, which, therefore, foams a bve-product of gas maim- 1 * 
facture. Where purification jf gas by hydrated ferric oxide is 
practised, the cyanogen A fixed chiefly as Prussian blue (ferro- 
cx ankle of iron), while a portion is obtained as ammonium 
thiocyanate. The iron* oxide mass is worked up as follows :— 
It is systematically extracted with warm water, and the am¬ 
monium thittcyafiate recovered by crystallisation, 'I^he extracted 
residue is dried, mixed with caustic Wine, and heated in closed 
vCffcels by means of strain, calcium ferrocyanide being formed. , 
This salt iq# extracted with water and* treated with KC1 in the 
boiling solution, wlmxby the^oublfe salt CaK ft Fet-y fl is pricipi- 
tated. This is ’,3ated wi*b solution of K 2 CO. } , wlien OaC(>^ 
and K^FeCy a # are .formed ; \he dilute liquors are boiled down 
j * This is usually previously charred. 
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in a vacuum pan, and crystallised prussiate, K 4 FeCy 6 .3H 2 0, 
is obtained. 

A more rational method of obtaining the cyanogen consists 
in passing the gas through a washer containing a solution of a 
ferrous salt, which reacts with the ammonium cyanide in the 
gas to form ammonium ferrocyanide. 

Potassium ferrocyanide is chiefly used for the preparation of 
potassium cyanide ( v.i .), Prussian blue, and potassium ferri- 
cyanide, K 2 FeCy 6 . 

Potassium ferricyanide ( red prussiate of potash), K 3 FeCy 6 , is 
made bv removing an atom of potassium from the ferrocyanide 
by means of an oxidising agent, thus— 

K 4 Fo(Jy 6 + Cl = KC1 + K 3 FeCy 6 ; 

bromine and lead peroxide can also be used. The oxidation 
may also be effected by passing an electric current through the 
ferrocyanide solution. This salt is used in dyeing and calico- 
printing, chiefly as an oxidant, and in photography. 

Potassium cyanide, KCN, is generally obtained from the ferro¬ 
cyanide, though much is now prepared from the sulphocyanide. 
When K 4 FeCy 6 is dehydrated and fused, it is decomposed 
according to the equation, K 4 FeCy 6 = 4KCy + Fe + C 2 + N 2 . 
Much cyanogen is thus lost, and a more economical process 
consists in the addition of potassium carbonate, when the 
reaction takes place thus— 

K 4 FeCy„ + K.,CO a = 5KCy + KCyO + Fe + C0 2 . 

In this case the product is a mixture of cyanide and cyanate. 
Since this latter is of small commercial value, attempts are 
made to suppress it by the introduction of charcoal into the 
fusion, KCNO + 0 = KCN + CO. The fused mass is allowed 
to settle, and the clear melt poured off. 

According to Cross and Young a good yield of alkali cyanide, 
together with oxalate, is obtained by heating an intimate mix¬ 
ture of an alkali nitrate (1 part}, alkali hydroxide (2 parts), and 
sugar (l«part) at 150° to 170° C.< 

Potassium cyanide is chiefly used 13 as a solvent for gold in 
extracting that nwttal from ores which contain it in a sufficiently 
finely-divided condition; as a solvent/ for gold and silver in 
electroplating and gilding baths.* 

Potassium sulphocyanide or thiocyanate, KOSN, is prepared 
from the ammonium salt v as a raw material, which is obtained as 
a bye-product in gas manufacture. The insolubility of cu^ous 
thiocyanate is sometimes^ taken advantage of ir separating 

o modern product, usually maae by the process represented by the 
equation, K 4 FoCy 6 -f- Na^ = 4KCy + %NaCy + Fe, consists largely of 
sodium cyanide, and may, therefore, appear to cohtain more than 
100 per ^nt. of KUy if the Cy alone* be used as a basis of assa$ 
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sulphocyanide from gas liquor. A method proposed for the 
preparation of sulphocyanides, analogous to that by which they 
are probably formed among the products of the distillation of 
coal, is that of allowing ammonia to react with CS 5 , according 
to the equation CS 2 + 4NH 3 = NH 4 CN 8 i (NH ( V,K. 

V. SOLVENTS. —For purposes where aqueous liquids cannot 
be employed as solvents, certain liquid compounds ol carbon arc 
pressed into service. An ideal solvent must be volatile without 
change at a moderate temperature, so as to be easily recoverable, 
non-inllammabln and lion-poisonous. Few solvents fulfil all 
these conditions. 

Carbon Bisulphide, CS,.—This compound is an excellent 
solvent for fats and for sulphur, but is both inflammable and 
poisonous, ft boils at 40'5° C. - 110" F., and inflames in air at 
about 150° C. 302“ F.; not only is the vapour itself poisonous, 
\lfit the products of combustion (10., and >S0 2 are also noxious. 

CS„ is an endothermic compound, its heat of formation being 
C,S,. ■--- -20 Cal. On this account its production, by the direct 
union of its elements, can only be attained at a high tem¬ 
perature. The operation is generally conducted in a vertical 
east-iron retort, A (Fig. 47), set in a furnace, T), and provided 
with a side inlet, N, through which molten sulphur is allowed 
to flow from (lit! vessel O. 

Charcoal, preferably prepared from waste wood, spent dyo 
wood and the like, is filled into the retort and brought to a 
cherry red heat before the introduction of the sulphur. The 
CIS, formed escapes by the pipe I, which slopes upwards to 
permit uncombined sulphur to condense and flow hack down the 
pipe K, to the bottom of the retort. Any sulphur which is 
carried on is caught in the vessel P, whilst US., passes down a 
long Liebig’s condenser, Q, where it is chilled by the water- 
jacket and is caught in the receiver S. The closed vessel U is 
employed for forcing the condensed CS„, by means of compressed 
air, into a storage tank. Residual vapours are caught in ,tho 
apparatus W, being scrubbed out with oil dribbling over a series * 
of £rays ; on heating the oil, collected in Y, in a retort^ the CS 2 
can be recovered and the oji usiAl again. Permanent gases, such 
as H 2 S, are suppressed by passage through the limo and iron 
oxide purifier Z. 

A method of manufaefuring carbon bisulphide in anelectrical 
furnace lias lately been introduced, and has proved very success¬ 
ful. Carbon%lectrodes are placed on the bed of a shaft furnace, 
and an arc produced between them. The sulphur is melted in 
an Ifuter annular chamber ty the waste heat of the furnace, 
and flows oiP to t he electrodes. t To .save these from too rapid 
corrosion, loose carbon "blocks &re fqd into the furnace from 
hopper placed on tno top o! 410 shaft; near this hopper there is 
an opening through Vhicli the carbon bisulphide vupourpiscapea. 
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A current of about 4,000 amperes at 40 to 60 volts pressure is 
required for a shaft 40 feet high. It has been found practicable 
to substitute for the fixed carbon electrodes a stream of carbon 
blocks passing down a metallic casing so arranged that the 
pieces of carbon meet and form a bridge on the hearth of the 
iurnace, where they come to incandescence. 

The crude CS 2 is purified by agitation with lime water, and 
distillation with a small quantity of any fixed oil and a little 
lead acetate, the object being to retain objectionable sulphur 
compounds. The process of purification is completed by 
rectification. 

Commercial CS 2 has a nauseous odour, but the pure substance 
has an ethereal smell. Its specific gravity is 1-29. 

An apparatus fitted for the ohtuinment or recovery of oils 
from seeds and waste products is shown at p. 246. The solvent 
i*a!so used in vulcanising caoutchouc (q.v.). 

Chloroform, CHC1 3 .—This body is also much used as a 
solvent, as well as for medical purposes. It is a colourless 
liquid of ethereal odour and sweet taste. Its boiling point 
is 61° C. = 142° F., and its specific gravity 1-5. It is obtained 
by heating dilute alcohol with chloride of lime. The chloroform 
is separated from the aqueous portion of the distillate, in which 
it is insoluble, and is then dried and re-distilled. For the 
production of 100 parts of chloroform, about 100 parts of 
alcohol and 1,300 parts of chloride of lime are necessary. 
Acetone is sometimes used instead of alcohol. 

Ether, (C z H 5 ) 2 0.—This solvent boils at 3. r >'0° O. = 96° F. It 
is made by distilling a mixture of alcohol and concentrated 
sulphuric acid at 140° C. = 284° F., a continuous stream of 
alcohol being run in to take the place of that used up in the 
reaction. 

Carbon Tetrachloride, 001.,.—This liquid is in some ways 
preferable to CS 2 , as it is uninflammable, less poisonous, and 
has a higher boiling point, 77° C. - 171° F. Its specific gravity 
is 1-63. It is at present prepared from CS Z , and is, therefore, 
moae costly than that solvent. 

It may be obtained by pissing a mixture of CS 2 vapour and 
chlorire through a red-hot tube; or by the ration of chlorine 
an CS 2 at the ordinary t»mperature, in the presence of iodine 
ar of antimony pentachloride. Sulphur chloride, SC1 2 , is a 
product of th» rdUction, and remains dissolved in the C01 4 , 
from which it is removed by treatment'with lime (see Vol. II. 

P- 

CommerciaL CC1 4 constantly contains* CS,, from incomplete 
conversion. Other sc Kirns, sujli as*benzene, benzine (benJb- 
line), other forms :f light p K ileum ‘and alcohol have already 
received notice. . , * 

Acetone, CO^Hjjj. — This solvent is^ now largely ute^ in 
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the manufacture of explosives (Vol. II., Chap. XVII.). It is 
a colourless liquid of characteristic odour; its boiling point is 
56° C. = 132° F., and its specific gravity, at 20° C., 0*792. It is 
miscible with water, alcohol, and ether. 

Acetone occurs amongst the products of the dry distillation 
of wood, but technically it is generally made by heating the 
acetate of lime and magnesia, either alone, or in a current of 
superheated steam, at a temperature of 300° to 400* O. = 572° 
to 752° F. The aqueous part of the distillate, which contains 
the acetone, is separated from the oily substances also produced, 
and is carefully rectified, using a column apparatus, first over 
caustic soda, and then over potassium permanganate. 



